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ABSTRACT 

T h i s  s t u d y  a n a l y z e s  t h e  u t i l i t y  o f  a n  ERS s y s t e m  a s  a n  
e f f e c t i v e  t o o l  i n  Land Use management .  The  a p p r o a c h  t a k e n  h e r e  
d i v i d e s  t h e  a n a l y s i s  i u t o  two p a r t s ,  1) a  q u a l i t a t i v e  s t u d y  o f  
p o t e n t i a l  Land Use r e s o u r c e  management f u n c t i o n s  (RMF's) 
( P a r t  I ) ,  a n d  2 )  a  c o s t  e f f e c t i v e n e s s  c o m p a r i s o n  b e t w e e n  a l t e r n a t i v e  
E a r t h  R e s o u r c e  survey (ERS) s y s t e m s  b a s e d  o n  v a r i o u s  p r o j e c t e d  
l e v e l s  o f  demand ( P a r t  11). The s t u d y  o f  ERS i n f o r m a t i o n  as  
a p p l > . e d  t o  Land Use management  i s  a r e l a t i v e l y  new f i e l d .  A s  
a r e s u l t ,  t h e  p r i m a r y  p u r p o s e  o f  P a r t  I is  t o  e x p l o r e  t h i s  new 
area by q u a l i t a t i v e l y  e x a m i n i n g  t h e  p o t e n t i a l  new c a p a b i l i t i e s  
a s p a c e d - b a s e d  ERS s y s t e m  c o u l d  o f f e r  t h e  Land Use m a n a g e r .  A 
v a r i e t y  o f  RMF's a r e  p o s t u l a t e d  w i t h i n  w h i c h  ERS a c t i v i t i e s  
m i g h t  o c c u r  a n d  t h e  p r e s e n t  ERTS i n v e s t i g a t i o n s  f n  t h e s e  a r e a s  
a r e  o u t l i n e d .  

The s e c o n d  p a r t  o f  t h i s  vo lume a d d r e s s e s  t h e  i s s u e  o f  
t h e  c o s t  e f f e c t i v e n e s s  o f  s a t e l l i t e s  as a component  o f  a n  ERS 
s y s t e m .  T h i s  s t u d y  c o n t a i n s  a n  e s t i m a t e  o f  t h e  F e d e r a l  l e g a l  
a n d  s t a t u t o r y  r e q u i r e m e n t s  f o x  r e m o t e  s e n s i n g  as t h e y  f o r m  a  
lower-bound e s t i m a t e  o f  t h e  demand f o r  r e m o t e  s e n s i n g .  The  s t u d y  
i n d i c a t e s  a c o s t  s a v i n g s  p o t e n t i a l  of f r o m  $ 7 . 9  t o  $ 3 7 . 1  m i l l i o n  
a n n u a l l y  a t t r i b u t a b l e  t o  t h e  i n c l u s i o n  o f  E R T S - l i k e  s a t e l l i t e s  
i n  t h e  ERS s y s t e m .  

i i i  
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1.0 INTRODUCTION A N D  OVERVIEW: LAND USE 

Land u s e  p l a n n i n g  i s  a  d i s c i p l i n e  whose i m p o r t a n c e  h a s  
i been r a p i d l y  g rowing  o v e r  t h e  l a s t  few y e a r s .  P a r t l y  a s  a n  o u t -  

I ': 
g r o w t h  of t h e  i n c r e a s i n g  e n v i r o n m e n t a l  a w a r e n e s s  r e c e n t l y  s e e n  

, . i n  t h i s  c o u n t r y ,  t h e  n e c e s s i t y  f o r  e f f e c t i v e  management o f  l a n d  
u s e  h a s  been  u n d e r s c o r e d  by t h r e e  l o n g - r u n  t r e n d s  i n  o u r  s o c i e t y :  

1) I n c r e a s e d  p o p u l a t i o n  combined w i t h  a  somewhat a b r u p t  
e n d  t o  t h e  American f r o n t i e r  has l e d  t o  i n c r e a s e d  
p o p u l a t i o n  d e n s i t y  i n  a i m o s t  e v e r y  s t a t e ,  r e g i o n  and 
c i t y  i n  t h e  c o u n t r y ;  

2) I n c r e a s e d  m o b i l i t y ,  b e  it r e s u l t i n g  i n  c r o s s t o w n  
s h o p p i n g  t r i p s ,  i n t o - t h e - c i t y  commuting t o  work o r  
c r o s s  c o u n t r y  v a c a t i o n  t r i p s ,  h a s  e f f e c t i v e l y  l e d  
t o  a f u r t h e r  i n c r e a s e  i n  d e n s i t y  -- we s h a r e  more 
t e r r i t o r y  b e c a u s e  w e  h a v e  a c c e s s  t o  more t e r r i t o r y ;  

3 )  I n c r e a s e d  economic  p r o d u c t i v i t y  h a s  l e d  t o  an  
i n c r e a s e  i n  c o n s u m p t i o n  ( c o n s u m p t i o n  w h i c h ,  
i n h e r e n t l y ,  c a u s e s  i n c r e a s e d  w a s t e s )  w h i l e  a t  t h e  
same t i m e  y i e l d i n g  more f r e e  t i m e  r e s u l t i n g  i n  
i n c r e a s e d  demand f o r  l e i s u r e  a n d ' r e c r e a t i o n  
s e r v i c e s ,  b o t h  o f  which a r e  h i g h l y  d e p e n d e n t  o n  
e n v i r o n m e n t a l  q u a l i t y .  

These  t r e n d s  h a v e  r e s u l t e d  i n  t h e  s i n g l e  c a u s e  n e c e s s i t a t i n g  
1 : l a n d  u s e  p l a n n i n g :  c o m p e t i n g  and c o n f l i c t i n g  demand f o r  l a n d .  

The p r i c i n g  mechanism may n o t  a l w a y s  r e p r e s e n t  l e g i t i m a t e  demands 
f o r  a  p a r c e l  o f  l a n d .  F o r  example ,  w i t h i n  a r e s i d e n t i a l  s e c t i o n ,  
an  i n d u s t r i a l  f i r m  may h a v e  more p u r c h a s i n g  power f o r  a p r o p e r t y  
t h a n  a  would-be r e s i d e n t .  Yet  t h e  p r i c e  which t h e  would-be 
r e s i d e n t  c a n  o f f e r  d o e s  n o t  f u l l y  r e f l e c t  t h e  added b e n e f i t  which  

f3 n e i g h b o r s  would r e c e i v e  i n  h a v i n g  a  h o u s e  and  n o t  a  f a c t o r y  n e x t  
d o o r .  T r a d i t i o n a l l y ,  t h i s  p r o b l e m  h a s  b e e n  l o c a l l y  h a n d l e d  by 
z o n i n g  l a w s .  However, z o n i n g  l a w s  a r e  i n a p p r o p r i a t e  f o r  d e a l i n g  
w i t h  l a r g e r - s c a l e ,  u r b a n  o r  r e g i o n a l  p l a n n i n g .  S t a t e  a u t h o r i t i e s  
migh t  f e e l  t h a t  t h e  a g r i c u l t u r a l  r e s o u r c e s  o f  t h e  s t a t e  o f f e r  
b e n e f i t s  w o r t h  p r e s e r v i n g  and t h u s  t h e y  m i g h t  w i s h  to i n h i b i t  

0 r e s i d e n t i a l  e n c r o a c h m e n t  i n t o  f a r m l a n d s .  O r  f o r e s t s  may p r o v i d e  
h a b i t a t  f o r  w i l d l i f e  and human r e c r e a t i J n ,  and t h u s  t h a t  l a n d  
may b e  p r e s e r v e d  eyer o t h e r  u s e s .  

B e s i d e s  manarement demand ' a r i s i n g  f rom t h e  f a c t  t h a t  
t h e  m a r k e t  p r i c i n g  s t r u c t u r e  does n o t  r e f l e c t  e x t e r n a l i t i e s  



in demand (e.g., the preferences of others in a neighborhood), 
there is further need for a land use management authority: to 
collect and disseminate information whose absence leads to in- 
efficient resource allocation. An obvious function here might 
be the mapping of flood plains which might keep houses from 
being built in a flood plain area. 

Mismanagement and lack of management of land has caused 
problems with which we are all familiar. Cities are frequently 
so intensively urbanized that there is no access to parking areas 
for many of their residences. Certain highway systems have 
unnecessarily hurt social and environmental order and provide 
more confusion than service. In central New Jersey (Plainfield), 
a flood area developed as a result of excessive land development. 
An area that never flooded in the past now suffers frequent 
flooding. 

Optimal land use management occurs when there exists a 
minimum of conflicting demands for an area. This is possible 
when demands are not constricted but directed. If an industry 
has located along a waterway because it yields a cost advantage 
used as a coolant and as a waste dispersal mechanism, large 
inefficiencies occur when legislation is passed which prohibits 
pollution of the waterway for aesthetic purposes. Early recog- 
nition that the building of a factory would conflict with other 
demands would have led to superior allocation of the capital 
resourct?s. 

In order to avoid conflict, land use trends must be 
detected ana demand must be anticipated; this requires the 
best of real-time data. Land use and land use change maps 
provide the basic data sources from which planners work. But 
the frequent update of these maps is prohibitively expensive, 
and thus there arises demand for satellite data. While needing 
a large initial investment, satellites offer coverage at very 
low incremental cost. The greater the frequency of coverage 
and the area of coverage needed, the higher will be the demand 
for satellite information. 

ERS data will find important application in land use 
classification although there will be some capability in land use 
suitability. The Inter-Agency Steering Committee on Land Use 
Information and Classification has emphasized a need for stand- 
ardization of cl~~ssifications and proposed the following two 
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R u r a l  Open Land a Water ( e x c a v a t e d  b a s i n )  

Right-of-Ways i n  F o r e s t  a Wetlands  ( X o r t h e r n  Bogs) 

R u r a l  S e t t l e m e n t s  a Wetlands  ( S o u t h e r n  P e r e n n i a l ,  

Wooded Rangeland Wet lands  ( S o u t h e r n  S e a s o n a l )  

Soybeans  a Low Income R e s i d e n t i a l  

e Covri c Middle Ikrcont$ i iesidcnLi.st1 

a Exposed S o i l  a C o a s t a l  S t r a n c  

r Winte r  Ryegras s  a C o a s t a l  S a l t  Marsh 

S t u b b l e  C o a s t a l  Sage 

High D e n s i t y  S i n g l e  Fami ly  a Wood l a n d  Savannah 

Lo* D e n s i t y  S i n g l e  Fami ly  R i p a r i a n  V e g e t a t i o n  

a Mixed M u l t i p l e  and S i n g l e  Fami ly  . 
The t h r e s h o l d  o f  r e s o l u t i o n  i s  10 a c r e s  f o r  c o m p r e h e n s i v e  

l a n d  use mapping and  2 t o  5 a c r e a s  f o r  some s p e c i f i c  c a t e g o r i e s .  
However, l i n e a r  f e a t u r e s  as s m a l l  a s  1 6  m e t e r s  a c r o s s  h a v e  
been  d e t e c t e d .  

The P r i n c i p a l  I n v e s t i g a t o r s ,  i n  many c a s e s ,  h a v e  worked 
i n  c o n j u n c t i o n  w i t h  a  v a r i e t y  o f  s t a t e  and r e g i o n a l  u s e r  agen-  
c i e s .  Whereas t h e r e  i s  much v a r i a t i o n  i n  Lhe a p p a r e n t  c a p a b i l -  

- * " A n a l y s i s  o f  C o s t s  and B e n e f i t s  f rom Use o f  ERS Data i n  
S t a t e  and Land Use P l a n n i n g , "  E a r t h S a t  I n t e r i m  Report .  
f o r  t h e  Dep t .  o f  I n t e r i o r ,  Contract N o .  14-08-001-1359,  
Eay 1974 ,  p . 5 8 .  



i t i e s  of dRTS-1 a n d  dat . -  3.ro::c.ssing p r o c c c t u r e s ,  J o y c e  h a s  o u t -  
l i n e d  f o u r  c a t e g o r i e s  ot cl..:a u s e  f o r  ERTS-1 i m a g e r y : *  

" B a s e l i n e  d a t a  on  t h e  u s e  o f  l a n d  f o r  t h e  mos t  p a r t ,  
b a s e l i n e  i n f o r m a t i o n  p r e s e n t e d  on  maps a n d / o r  i n  
s t a t i s t i c a l  f o r m ,  i s  u s e d  i n d i r e c t l y  by a d m i n i s -  
t r l t o r s ,  m a n a g e r s ,  a n d  l e g i s l a t o r s  i n  a  charmer  s u c h  
t h a t  s p e c i f i c  d a t a  c a n n o t  be t r a c e d  t o  a  s p e c i f i c  
a c t i o n .  F o r  e x a m p l e ,  i f  a  l e g i s l a t o r  knows t h a t  1 0  
p e r c e n t  o f  t h e  l a n d  i n  t h e  s t a t e  i s  i n  t h e  w e t l a r i 4 s  
c a t e g o r y  ( v e r s u s  n o t  h a v t  g a n y  i n f o r m a t i o n  on  t h e  
e x t e n t  o f  w e t l a n d s ) ,  t h i s  i n f o r m a t i o n  would b e  u s e -  
f u l  i n  c o n s i d e r i n g  w e t l a n d s  l e g i s l a t i o n ,  b u t  t h e  
e x a c t  manner  i n  w h i c h  s u c h  i n f o r m a t i o n  i s  u s e d  
v a r i e s .  The p o t e n t i a l  u s e  o f  b a s e l i n e  i n f o r m a t i o n  
d e r i v e d  f r o m  ERTS d a t a  v a r i e s  f r o m  a  h i g h  d e g r e e  i n  
a r e a s  where  r e c e n t l y  a c q u i r e d  l a n d  u s e  i n f o r m a t i o n  
e x i s t e d  a t  t h e  t i m e  t h a t  FRTS-1 was l a u n c h e d .  

" B z s e l i n e  d a t a  u p d a t e - U p d a t i n g  s e r v e s  two  p u r p o s e s :  
F i r s t ,  i t  k e e p s  t h e  d a t a  b a s e  c u r r e n t  a n d  meaning-  
f u l ,  a n d  s e c o n d ,  it  a d d s  a n o t h e r  d i m e n s i o n  o f  i n -  
f o r m a t i o n  b y  d o c u m e n t i n g  t h e  e x t e n t  o f  c h a n g e  d u r i n g  
a t i m e  p e r i o d  a n d / o r  m o n i t o r i n g  c h a n g e  t h r o u g h  a  
t i m e  p e r i o d .  F o r  e x a m p l e ,  i t  would b e  m e a n ~ n g f u l  
f o r  a  l e g i s l a t o r  t o  h a v e  i n f o r m a t i o n  a b o u t  t h e  e x -  
t e n t  o f  w e t l a n d s ,  b u t  i t  would be e v e n  more mean ing -  
f u l  t o  know t h e  r a t e  a t  wh ich  t h e  w e t l a n d s  a r e a s  a r e  
d i m i n i s h i n g .  Tb.? a c t u a l  and  p o t e n t i a l  u s e  o f  ERTS 
d a t a  f o r  u p d a t i n g  d e p e n d s  o n  t h e  r a t e  o f  c h a n g e  
t a k i n g  p l a c e  i n  a g i v e n  a r e a ,  t h e  a l t e r n a t i v e  s o u r c e s  
o f  c u r r e n t  d a t a ,  a n d  t h e  d e t a i l  i n  t h e  o r i g i n a l  d a t a  
b a s e .  Most i n v e s t i g a t o r s  a re  e n ' h u s i a s t i c  a b o u t  t h e  
p o t e n t i a l s  o f  ERTS d a t a  f o r  u p d a t i n g ,  b u t  t h e y  h a v s  
n o t  y e t  p u r s u e d  u p d a t e  a c t i v i t y  t o  a n y  s i g n i f i c a n t  
e x t e n t  b e c a u s e  t h e i r  f i r s t  c o n c e r n  h a s  b e e n  t o  e s -  
t a b l i s h  i n t e r p r e t a t i o n  a n d  d a t e  h a n d l i n g  p r o c e d u r e s .  

" I n f o r m a t i o n  management  s y s t e m - I n f o r m a t i o n  d e r i v e 2  
f rom ERTS d a t a  a s  o n e  d a t a  componen t  o f  a d a t a  bank  
h a s  r e c e i v e d  c o n s i d e r a b l e  a t t e n t i o n .  Y o s t  l a n d  u s e  
i n v e s t i g a t o r s  r e a l i z e  t h a t  m e a n i n g f u l  d e c i s i o n s  i n  
l a n d  management  a n d / o r  l a n d  u s e  p l a n n i n g  c a n n o t  b e  

* J o y c e ,  A.T.,  "Land Use and  Mapp ing , "  T h i r d  E a r t h  R e s o u r c e s  
T e c h n o l o g y  S a t e l l i t e  - Symposium, - Vol .  ITI. 



made u n t i l  d a  3n t h e  a c t u a l  u s e  o f  l a n d  c a n  b e  
i n t e g r a t e d  w i t h  o t h e r  d a t a ,  s u c h  a s  d a t a  o n  e n v i r o n -  
m e n t a l  f a c t o r s ,  e c o n o m i c  f a c t o r s ,  a n d  o w n e r s h i p .  
Once v a r i o u s  s o u r c e s  o f  d a t a  h a v e  b e e n  combined  t o  
i n d i c a t e  l a n d  s u i t a b i l i t y  o r  l a n d  c a p a b i l i t y ,  t h i s  
i n f o r m a t i o n  c a n  b e  compared  w i t h  t h e  a c t u a l  u s e  o f  
t h e  l a n d . "  

" O p e r a t i o n  o f  models-A s t r i c t  d e f i n i t i o n  o f  a l a n d  
u s e  model  would i n c o r p o r a t e  t h e  f i v e  f o l l o w i n g  com- 
p o n e n t s  : 

1. A c q u i s i t i o n :  D a t a  are a c q u i r e d  a n d  m a n i p u l a t e d  
i n t o  a u s e f u l  i n f o r m a t i o n  f o r m a t  t o  b e  s u p p l i e d  
a s  a base f o r  t h e  mode l .  

2.  S i m u l a t i o n :  The  i n f o r m a t i o n  i s  t h e n  u s e d  t o  
s i m u l a t e  a r ea l ,  o n g o i n g  p r o c e s s .  

3 -  P r o j e c t i o n :  A c e r t a i n  p o l i c y ,  d e c i s i o n ,  o r  
c o u r s e  o f  a c t i o n  i s  t h e n  p r o v i d e d  t o  t h e  model .  

4. P r e d i c t i o n :  The  model  t h e n  a c c e p t s  t h e  c o u r s e  
of a c t i o n ,  o p e r a t e s  w i t h  t h e  i n f o r m a t i o n ,  and  
t h e n  a t t e m p t s  t o  p r e d i c t  a f u t u r e  o r  p a s t  s t a t e .  

5 .  O u t p u t :  The  i n f o r m a t i o n  i s  d i s p l a y e d  o r  p r e s e n -  
t e d  i n  a f o r m  t h a t  i s  m e a n i n g f u l  t o  a  d e c i s i o n -  
maker .  " 

The p u r p o s e  o f  t h i s  vo lume i s  t o  d e t e r m i n e  t h e  p o t e n t i a l  
f o r  a n  ERS s a t e l l i t e  s y s t e m  i n  Land U s e .  The a p p r o a c h  u s e d  i s  
t o  i d e n t i f y  t h e  s t a t u t o r y  demand f o r  Land Use r e m o t e  s e n s i n g  
a c t i v i t i e s  and  q u a l i t a t i v e l y  d e f i n e  o r  e x p l a i n  t h e  s p e c i f i c  
a c t i v i t i e s  ( i n  RMF's) which t h i s  demand e n c o m p a s s e s .  The  RMF 
o v e r v i e w  ( P a r t  I )  a t t e m p t s  t o  p r o v i d e  a b r o a d  l i s t  o f  Land U s e  
f u n c t i o n s  where  r e m o t e  s e n s i n g  m i g h t  b e  a d v a n t a g e o u s .  The p a r t i c -  
ular way i n  wh ich  s a t e l l i t e s  m i g h t  b e e f f e c t i v e l y  employed  i s  
o u t l i n e d  a n d  economic  b e n e f i t s  e x p l a i n e d  w h e r e  d i f f e r e n t  t r o m  
c o s t  ~ i a v i n g s  o v e r  t h e  o t h e r  d a t a  c o l l e c t i o n  s y s t e m s .  The  ECON 
Land C o v e r  C a s e  S t u d y *  ( P a r t  11) q u a n t i f i e s  e x i s t i n g  s t a t u t o r y  
d e m a ~ d  t o  L e v e l  I1 Land c o v e r  d a t a  a n d  p r o j e c t s  l i k e l y  demand 
l e v e l s  i n  t h e  n e a r  f u t u r e ,  1 9 7 7  a n d  1385 .  The  C a s e  S t u d y  t h e n  

* "The R o l e  o f  ERTS i n  t h e  E s t a b l i s h m e n t  a n d  U p d a t i n g  o f  a 
N a t i o n w i d e  Land Cover  I n f o r m a t i o n  S y s t e m , "  p r e p a r e d  f o r  
N A S A ,  O f f i c e  of A p p l i c a t i o n s  b y  ECON, NASW-2558, 
Augus t  3 1 ,  1974 .  ( P a r t  I1 o f  Volume VI o f  t h i s  s t u d y ) .  



d e r i v e s  a  c o s t  compar i son  between t h r e e  d i f f e r e n t  a p p r o a c h e s  f o r  
s a t i s f y i n g  t h i s  demand. The c o s t s  o f  u s i n g  (1) s a t e l l i t e / h i g h  
a l t i t u d e  a i r c r a f t / g r o u n d  t r u t h ;  (2) h i g h  a l t i t u d e  a i r c r a f t / g r o u a d  
t r u t h ;  and ( 3 )  ground t r u t h  s y s t e m s  a r e  documented f o x  d i f f e r e n t  
demand l e v e l s  and f o r  d i f f e r e n t  a l l o w a b l e  c l o u d  c o v e r  l e v e l s .  
C o s t  s a v i n g s  a c c r u i n g  t o  a  s a t e l l i t e  s y s t e m  ( a s s u m i n g  t h a t  s t a t u t o r y  
demand is  m e t )  a r e  summarized i n  F i g u r e s  1 and 2 and  T a b l e s  3 and 4. 

F i g u r e  1 i l l u s t r a t e s  t h e  c o s t  e f f i c i e n c y  f r o n t i e r  f o r  
l a n d  c o v e r  i n f o r m a t i o n  s y s t e m s  a s  a  f u n c t i o n  o f  demand, w i t h  
a l l o w a b l e  c l o u d  c o v e r  o f  0-300. A s  shown, a  " w i t h o u t  s a t e l l i t e s "  
s y s t e m  (HA/GT) is  c o s t  e f f e c t i v e  u p  t o  a demand l e v e l  of a b o v t  5 
t i m e s  f u l l  U . S .  c o v e r a g e  p e r  y e a r ;  a  t w o  s a t e l l i t e  s y s t e m  i s  l e a s t  
e x p e n s i v e  a t  demand l e v e l s  e x c e e d i n g  5.0 and a t h r e e  s a t e l l i t e  system 
:bove C.5. A change  i n  t h e  a l l o w a b l e  c l o u d  c o v e r  t o  1 0 %  maximum 
i n c r e a s e s  t h e  c o v e r a g e  n e c e s s a r y  t o  a c h i e v e  e a c h  demand l e v e l .  
A s  shown i n  F i g u r e  2 ,  t h e  f i r s t  c o s t - e f f e c t i v e  " w i t h n  s y s t e m  i s  a  
t h r e e  s a t e l l i t e  s y s t e m  a t  a  demand l e v e l  o f  5.  

T a b l e s  3  and 4 show c o s t  s a v i n g s  a c c r u i n g  t o  a  s a t e l l i t e  
s y s t e m  a s  a f u n c t i o n  o f  demand and  a l l o w a b l e  c l o u d  c o v e r a g e .  
B e n e f i t s  ( f o r  F e d e r a l  l a n d  Cove; a l o n e )  f rom a  more c o s t - e f f e c t i v e  
l a q d  c o v e r  s y s t e m  r a n g e  from 7 . 9  t o  1 7 . 0  m i l l i o n  d o l l a r s  a n n u a l l y  
a t  30% c l o u d  c o v e r  and f rom 2 1  -0 t o  37 .1  m i l l i o n  d o l l a r s  a n n u a l l v  
a t  1 0 %  c l o u d  c o v e r .  

The E a r t h  S a t e l l i t e  C o r p o r a t i o n  u n d e r t o o k  a  s i m i l a r  
s t u d y  a s  a n  e x t e n s i o n .  T h e i r  s t u d y  i n v o l v e s  a n  a n a l y s i s  o f  
s t a t e  demand f o r  l a n d  use data which c o u l d  be  s a t i s f i e d  by 
an  ERTS-like s y s t e m .  T h i s  s t u d y  pe r fo rmed  a  s i m i l a r  c o s t -  
e f f e c t i v e n e s s  a n a l y s i s ,  compar ing  a without-ERTS s a t e l l i t e  
System t o  a  with-ERTS satellite sys tem ix, s a t i s f y i n g  s t a t e  
demand for  l a n d  u s e  d a t a .  T a b l e  5 p r e s e n t s  a summary o f  t h e  
f i n d i n g s  o f  t h e  E a r t h S a t  s t u d y . '  

B e n e f i t s  from t h e  two s t u d i e s  c a n n o t  b e  a l g e b r a i c a l l y  
summed. Much o E  t h e  c o v e r a g e  n e c e s s a r y  to f i l l  F e d e r a l  
s t a t u t o r y  demand would be s u f f i c i e n t  f o r  m e e t i n g  many s t a t e  
c o v e r a g e  r e q u i r e m e n t s .  Thus a summation would b e  a n  o v e r -  

* F i g u r e  I f - 1 6 ,  " A n a l y s i s  o f  C o s t s  and  B e n e f i t s  f rom U s e  o f  
ERS Datr  i n  S t a t e  Land Use P l a n n i n g , "  E a r t h s a t  I n t e r i m  
R e p o r t  f o r  t h e  Dept .  o f  I n t e r i o r ,  C o n t r a c t  No. 14-08-001-1359, 
May 1974 ,  p. 9 4 .  
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s t a t e m e n t  o f  t o t a l  b e n e f i t .  However, c o v e r a g e  c o s t s  would a l s o  
b e  d o u b l e - c o u n t e d  be tween  t h e  t w o  s t u d i e s ,  so t h e r e  i s  no  way 
t o  a r r i v e  a t  a t o t a l  b e n e f i t  f i g u r e  w i t h o u t  b r e a k i n g  down t h e  
t w o  s t u d i e s  t o  remove o v e r l a p s .  

Tablc 5: Summary of Estimated Equilibrium Benefits in State 
Land Use planning Using ERS Data 

I t  s h o u l d  b e  m e n t i o n e d  h e r e  t h a t  t h e  r e s u l t s  o f  t h e  ECON i 

c a s e  s t u d y  p r o - v i d e  c o s t  e f f e c t i v e n e s s  j u s t i f i c a t i o n  f o r  a n  ERS 
s a t e l l i t e  s y s t e m .  Thus  o t h e r , p a r t s  o f  t h i s  r e p o r t  (Volumes 1 1 1 - V ,  
VI-X) c o n s i d e r  o n l y  t h e  m a r g i n a l  c o s t  o f  a d d i t i o n a l  c o v e r a g e  
i n f o r m a t i o n  and d a t a  p r o c e s s i n g  f o r  an  ERS s y s t e m  i n  c o m p a r i s o n  
w i t h  a v e r a g e  h i g h  a l t i t u d e  a i r c r a f t ' c o s t s  when a r r i v i n g  a t  c o s t  
s a v i n g s  estimates.  A s  p a r t  o f  t h e  ECON Land Cover  c a s e  s t u d y  ( 

t h e s e  c o s t s  h a v e  b e e n  i d e n t i f i e d  and are  p r e s e n t e d  i n  T a b l e  6. 

Assumption 

Constant Coverage 
Perfectly Inelastic 
Demana 

ERS Cost Reduction 
Effects, Downward 
Sloping Demand 

Constant Budget 

v 

P a r t  I (Appendix  A )  of t h i s  volume summar izes  s p e c i f i c  
E R S  f u n c t i o n s  and p r e s e n t  c a p a b i l i t i e s .  A s a t e l l i t e  s y s t e m  h a s  
b e e n  found  t o  c o n t a i n  s i g n i f i c a n t  c o s t  s a v i n g s  v a l u e  i n  mapping 
s m a l l  s c a l e  ( u p  t o  L e v e l  11) f e a t u r e s .  I n  g e n e r a l ,  u r b a n ,  r e g i o n a l ,  
and  p r i v a t e  demands c a n n o t  b e  s a t i s f i e d  b y  t h e  r e s o l u t i o n  c a p a -  
b i l i t i e s  o f  e x i s t i n g  c i v i l i a n  s y s t e m s .  These  demands a p p e a r  t o  be 
v e r y  l a r g e ,  a l t h o u g h  v e r y  d i f f u s e  and u n q u a n t i f i e d ,  and t h e r e  e x i s t  
s u b s t a n t i a l  benefit p o t e n t i a l  f o r  a n  E R S  s y s t e m  w i t h  h i g h e r  r e s o l u t i o n  

Source: "Analysis of Costs and Benefits from Use of ERS Data 
in State Land Use Planning,a EarthSat Interim Report 
for the Dept. of Interior, May 1974. 

Present Value 
1971-1986, 
$ millions 

5 1 

68 

9 8 

Annualized 
$ millions 

8 . 3  

la. 0 

15.9 



capabilities. RMF 4.4.3, in particular, contains a technique 
For utilizing land use and physical characteristics maps in land 
management decision-making. The methodology of Ian McHarg, who 
uses thematic maps of a region on transparent plastic sheets, is 
described here. McHarg uses these sheets in highway planning 
and d2monstrates how graphic representation of social values in 
a reqion can greatly aid planning projects. This technique 
should find great value and application in many site selection 
act'tities. ERTS-1 capabilities have been shown to be particularly 
adflantageous in detecting subtle, small-scale features, such as 
pot-:ntially dangereous faults and lineaments. Besides cost-savings, 
ERTS offers difficult-to-match frequency of coverage and highly 
interpretable readout in near real time. 

Table 7 summarizes Federal statutes that form a 
basis for the legal-statutory demand for ERS satellite d 3 t a  
in each of the RMFs discussed in this volume. 

T a b l e  6 C o s t  of Land Cover I n f o r m a t i o n  
( d o l l a r s  per square  m i l e )  

* 

L c v e l  I 

L e v e l  11 

L e v e l  111 

v 

NC- The s e n s o r  is i n c a p a b l e  of p r o v i d i n g  t h e  r e q u i r e d  d e t a i l .  

A 

S a t e l l i t e  

.I4 

N C 

HC 

-- 

Manual 
Aircraft 

1 . 1 3  

1 . 6 0  

NC 

Ground 

1 1 . 0  

1 2 . 5  

14 .C~ 

S a t e l l i t e  

. 0 4 8  

.194 

W C 

Autorna t i c  
A i r c r a f t  

. 8 0  

.97 

1 . 4 2  

G r o t .  d 

1 1 . 0  

1 2 . 5  

1 4 . 6  



Table 7: Federal Statutes in Support of Resource 
Hanagement Function: Land Use 1 

Resource Management Function 

4.1 Cartography, Thematic Hap 
and Visual Displays 

4.1.1 Cartography and Thematic 
Hap Making 

4.1.2 Land Use Haps of the United 
States - Federal and State 
Lsve 1 s 

4.1.3 Fault Zone and Lineament 
Happing 

1 4 . 2  Statistical Services 
4.2.1 Provide Census Estimates - 

Demographical Services 
4.2.2 Regional and Local Land 

Use Inventories 

4.2.3 Land Use Change Statistics 
5.2.4 Monitor Land Movements - 

Sand dunes, Wetlands, etc. 

4.4 . Allocation 
1 . 4 . 1  Selection of Federal and 

State Parks and Recreation 
Areas 

4.4.2 Location of New Towns end 
Cther Development 

4.4.3 Allocation of Land for 
Highways and Other Rights- 
of -Wa y 

4.4.4 Selection of Areas for Land 
Reclamation 

4.4.5 S i t e  1,ocation of Airports and 
Pther Major Transportation 
Modcs 

-- --. -- 

Applicable Federal Statutes 

43 USC 31 

P.L.92-419, 7 USC 1010, 
7 USC 427-C27i, 43 USC 31, 
43 USC 2, 42 USC 41OL-2, 
P.L.90-448-Title XIII, 
42 USC 4102, P.L. 90-448- 
Title VI, 40 USC 461 

7 USC 421-4271, 16 USC 742 
I 

40 USC 204, 16 USC 567A, 
42 USC 41OL-2, P.L.90-448 
Title XIII, 42 USC 4102, 
P.L.90-448 Title VI, 40 USC 

I 
461, 16 USC 1001-1009, 33 
USC 8833 

i 
7 USC 427-4271, 43 USC 31 
16 USC 1301 

P.L.90-448 Title VI, 40 USC 461,) 
16 USC 1001-1009, P.C. 86- ! 
645 Title VII, 33 USC 709a 
42 USC 1962 A - 1 ,  P.C. 89-80 

t 



P.L.92-419,  7  USC 1 0 1 0 ,  
a n d  F o r e s t  L a n d s  4 3  USL 3 1 5 a - 3 1 5 f .  4 3  USC 1181 

4.5.2 P r o t t c t i o n  o f  W i l d e r n e s s  1 6  USC 1 3 0 1 .  1 6  USC 7 4 2  

4.6 Damage P r e v e n t i o n  a n d  

X a t a r d o u s  Areas a n d  Assess USC 4 6 1 ,  P.L.92-367. 1 6  USC 
1 0 0 1 - 1 0 0 9 ,  P.L.66-645 

4 . 5 . 2  Assess I m p a c t  o f  ~ a r t h ~ u a k e s  
a n d  V o l c a n i c  E r u p t i o n s  

4 . 9  A d m i n i s t r a t i v e .  J u d i c a l ,  a n d  
L e g i s l a t i v e  

4 .9 .1  Wanage F e d e r a l  Revenue ' 
S h a r i n g  .P rograms  

. 4 . 9 . 2  ' R e g u l a t e  Land Use i n  A r e a s  o f  
C r i t i c a l  E n v i r o n m e n t a l  C o n c e r n  

4 .9 .3  R e g u l a t e  Land, D e v e l o p m e n t  
P r o j e c t s  

4 . 9 . 4  Management a n d  P l a n  F e d e r a l ,  
S t a t e  a n d  L o c a l  T a x a t i o n  

T i t l e  11, 3.3 USC 7 0 9 a  

P.L.88-57.7, 4 2  USC 410L-2, 
P .C.90-448 T i t l e  XIII, 4 2  
USC 4 1 0 2  

U n d i s c o u n t e d  Annua l  C o s t  S p v i n q s  B e n e f i t s  7 .9 -37 .1  
1977-1993 ,  f r o m  ERTS-l ike  ERS i n  m e e t i n g  
F e d e r a l  S t a t u t o r y  Demand, $ m i l l i o n s ( 1 9 7 3 )  

* 



APPENDIX A: 

DETAILED EXAMINATION OF BENEFITS BY RMF 

Appendix A c o n t a i n s  the detailed e x a m i n a t i o n  o f  each 
of  t h e  Resource  Management F u n c t i o n s  of  t h e  resource area, 
Land Use. 



RMF No. 4 . 1 . 1  

CARTOGRAPHY AND THEMATIC MAP MAKING 

R a t i o n a l e  f o r  B e n e f i t s  

A c c u r a t e  and u p - t o - d a t e  maps s e r v e  a g r e a t  v a r i e t y  o f  
p u r p o s e s .  T e r r a i n  mapping i s  i n v a l u a b l e  f o r  many c o n s t r u c t i o n  
and e n g i n e e r i n g  p u r p o s e s .  Worldwide mapping of l a n d  u s e  
p a t t e r n s  would c o n t r i b u t e  s u b s t a n t i a l l y  t o  o u r  fund  o f  i n f o r m a -  
t i o n  a b o u t  t h o s e  c o u n t r i e s  and a r e a s  on which s t a t i s t i c s  a r e  
e i t h e r  t o t a l l y  l a c k i n g ,  i n c o m p l e t e  o r  n o t  r e g u l a r l y  p u b l i s h e d .  
I t  would a l s o  s e r v e  t o  c o r r o b o r a t e  p u b l i s h e d  s t a t i s t i c s  t o  d e t e r -  
mine t h e i r  a c c u r a c y  and r e l i a b i l i t y .  :dent i f ! - ing  a n d  m e a s u r i n g  
u r b a n  and s u b u r b a n  z r e a s  would b e  u s e f u l .  Time s e q u e n c e d  images  
o f  t h o s e  a r e a s  w i l l  y i e l d  i n f o r m a t i o n  on t r e n d s  and c h a n g e s  i n  
l o c a l  p o p u l a t i o n s  and u r b a n i z a t i o n .  

F e d e r a l  Governinept A c t i v i t i e s  and R e s p o n s i b i l i t i e s  

Under S t a t u t e  4 3  USC 3 1 ,  t h e  Depar tmen t  o f t h e  I n t e r i o r  
t h r o u g h  t h e  G e o l o g i c a l  S u r v e y ,  " s h a l l  have  c h a r g e  o f  t h e  c l a s s i -  
f i c a t i o n  o f  t h e  p u b l i c  l a n d s  and e x a m i n a t i o n  o f  t h e  g e o l o g i c a l  
s t r u c t u r e ,  m i n e r a l  r e s o u r c e s  and p r o d u c t s  of t h e  c o u n t r y .  The 
s u r v e y  s h a l l  examine t h e  g e o l o g i c a l  s t r u c t u r e ,  t h e  m i n e r a l  
r e s o u r c e s ,  and t h e  p r o d u c t s  o f  t h e  r e s t  o f  t h e  wor ld  where  
d e t e r m i n e d  by t h e  S e c r e t a r y  o f  t h e  I n t e r i o r  t o  be i n  t h e  n a t i o n a l  
i n t e r e s t . "  

F u n c t i o n s  o f  Remote S e n s i n g  

S a t e l l i t e s  o f f e r  t h e  c a p a b i l i t y  o f  c o v e r i n g  l a r g e  a r e a s  
i n  v e r y  s h o r t  t i m e  and a t  v e r y  low m a r g i n a l  c o s t .  F r e q u e n c y  o f  
c o v e r a g e  a l l o w s  d e t e c t i o n  o f  s h o r t  t e r m  phenomena, s u c h  a s  f l o o d s  
o r  s e a s o n a l  l a n d  u s e  c h a n g e s  a s  w e l l  a s  p r o v i d i n g  a  n e a r  r e a l -  
t i m e  u p d a t e  c a p a b i l i t y .  

C u r r e n t  ERTS A c t i v i t i e s  

ERTS c a n  d e t e r m i c e  g e n e r a l  t e r r a i n  c l a s s i f i c a t i o n s ,  s u c h  
a s  m o u n t a i n s  and r i v e r s ,  f l a t  l a n d s ,  a g r i c u l t u r a l  and u r b a n  
a r e a s .  



RMF No. 4.1.1 

Estimate of ERTS Economic Capabilities - 
Benefit exists in providing information more rapidly than 

alternative sources. Cost savings versus aircraft for mapping 
foreign countries run about one dollar per square mile mapped. 
Further benefit from increasing supply of information exists 
(assuming some demand elasticity does exist), b u t  has not been 
estimated. 



RMF No. 4 . 1 . 2  

L A N D  USE MAPS OF THE U . S .  - FEDERAL A N D  STATE LEVELS 

R a t i o n a l e  f o r  B e n e f i t s  

T h e  c o m p i l a t i o n  of l a n d  u s e  maps o f  t h e  U . S .  i s  a n  
i m p o r t a n t  a c t i v i t y ,  c a r r i e d  o u t  a t  p r e s e n t  by v a r i o u s  means. 
An i n d i c a t i o n  o f  its i m p o r t a n c e  i s  g i v e n  by t h e  number of ~ e d ? r a l  
s t a t u t e s  c o n c e r n e d  ( s e e  b e l o w ) .  Some l a n d  u s e  mapping a c t i v i t i e s  
 elate s p e c i f i c a l l y  t o  a g r i c u l t u r e ,  f o r e s t r y  and m i n e r a l  r e s o u r c e s ,  
r e s p e c t i v e l y .  They,  and t h e  b e n e f i t s  a c c r u i n g  f rom them, a r e  
d i s c u s s e d  u n d e r  t h e  a p p r o p r i a t e  Resource  L r e a s .  

Land u s e  mapping o f  u r b a n  a r e a s ,  more p r o p e r l y  the s c b j e c t  
o f  t h i s  RMF, i s  g e n e r a l l y  done  a t  t h e  S t a t e ,  r e g i o n a l  a n d  l o c a l  
l e v b l s .  T e a p p l i c a t i o n s  o f  t h e s e  ma9s a r e  v a r i o ~ s ,  t h e  p r i ~ c i p a l  
b e i n g  u r b a n  p l a n n i n g .  O t h e r  a p p l i c a t i o n s  a r e :  t a x s t i ~ n ,  e n f o r c e -  
a e n t  o f  z o n i n g  and o t h e r  l a n d  u s e  l a w s ,  c o i l e c t i o n  OF cens:?s and  
s t a t i s t i c a l  d a t a ,  e t c .  

The b e n e f i t s  drie t o  t h e  a v a i l a b i l i t y  of s u c h  l a n d  u s e  
maps a c c r u e  t o  t h e i r  u s e r s .  These  b e n e f i t s  a r e  a c c o u n t e d  for i n  
t h o s e  RMF's whose a c t i v i t i t s  r e q u i r e  ].and u s e  maps. They s h o u l d  
t h u s  n o t  b e  l i s t e d  u n d e r  t h i s  RPF ,  s i n c e  t h i s  would b e  d o u b l e -  
c o u n t i n g .  

T h e r e  a r e  some b e n e f i t s  t o  o t h e r  m i s c e l l a n e o u s  non-gouern-  
ment u s e r s  of  such  maps i n  b u s i n e s s ,  Industry, e d u c a t i o n  
and r e s e a r c h .  

F e d e r a l  Govern..nent A z t i v i t i e s  and R e s p o n s i b i l i t i e ~  -- 
F e d e r a l  s t a t u t e s  r e l a t i n g  t o  t h e  p r e p a r a t i o n  o f  l a n d  u s e  

maps a r e  numerous.  The f o l l o w i n g  c o n s t i t u t e s  a f a i r l y  compre- 
h e n s i v e  l i s t :  

R u r a l  Development Act  o f  1972 (Bankheqd-Jonss  Farm 
T e n a n t  A c t ,  a s  Amended), PL 92-419,  7 USC 1010 .  The Depar tmen t  
o f  A g r i c u l t u r 2  " i s  d i r e c t e d  t o  c a r r y  o u t  a l a n d  i n v e n t o r y  and 
m o n i t o r i n g  program t o  i n c l u d e .  . . s t u d i e s  and s u r v e y s  o f  e r o s i o n  
and s e d i m e n t  damages ,  f l o o d  p l a i n  i d e n t i f i c a t i o n  a n d  u t i l i z a t i o n ,  
l a n d  u s e  c h a n g e s  and t r e n d s ,  and d e g r a d a t i o n  of khe e n v i r o n m e n t  
r e s u l t i n g  from i m p r o p e r  u s e  o f  soil, water  and r e l a t e d  r e s o u r c e s .  
The S e c r e t a r y  s h a l l  i s s u e  a t . . .  5 -yea r  i n t e 2 v a l s  a l a n d  i q v e n t o r y  
r e p o r t  r e f l e c t i n g  s o i l ,  w a t e r  2nd r e l a t e d  r e s o u r c e  conditions." 
T h i s  a c t  r e l a t e s  p r i n c i p a l l y  t o  a q r i c u l t u r c .  I t  i s  d i s c u s s e d  i n  
d e t a i l  i n  t h e  c o r r e s p a n d i n g  v o l u m e .  
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A g r i c u l t u r a l  R e s e a r c h  A c t  7  USC 427,  4 2 7 i .  T h i s  a c t  
i s  c o n c e r n e d  w i t h  u s e  o f  l a n d  and o t h e r  r e s o u r c e s  f o r  a g r i c u l t u r a l  
p u r p o s e s .  I t  i s  a l s o  d i s c u s s e d  u n d e r  A g r i c u l t u r e .  

43 USC 3 1  i s  c o n c e r n e d  w i t h  n a p p i n g  o f  g e o l o g i c a l  s t r u c t u r e  
and m i n e r a l  r e s o u r c e s .  C i t e d  i n  RMF 4.1 .1  and  d i s c u s s e d  more f u l l y  
i n  t h e  volum? on  M i n e r a l  R e s o u r c e s .  

43 UBC 2 i s  c o n c e r n e d  w i t h  t h e  s a l e  o f  p u b l i c  l a n d s  o f  
t h e  U.S- 

N a t i o n a l  F l o o d  I n s u r a n c e  A c t  of 1968 ,  4 2  USC 410L-:, 
PL 90-448, T i t l e  X I I I ;  a n d  42  WSC 4102 are c o n c e r n e d  w i t h  t h e  
i d e n t i f i c a t j 1 . n  and s t u d y  o f  f l o o d  a r e a s  and  f l o o d  r i s k s ,  d i s -  
c u s s e d  i n  RHF 4 .9 .2 .  

The Housing A c t  o f  1954 a s  amended, PL  90-448, T i t l e  V I ,  
40  USC 4E1. The S e c r e t a r y  o f  HUD i s  a u t h o r i z e d  t o  p r o v i d e  t e c h -  
a i c a l  a s s i s t a n c e  t o  l o c a l  g o v e r n m e n t a l  p l a n n i n g  a g e n c i e s  a n d  t o  
n a k e  s t u d i e s  and  p u b l i s h  i n f o r m a t i o n  on r e l a t e d  p r o b l e m s  d e a l i n g  
w i t h  u r b a n  p l a n n i n g .  

T h i s  i s  a p r i m a r y  s o u r c e  o f  f u n d i n g  f o r  l a n d  u s e  mapping 
p rograms  b y  s t a t e  and l o c a l  p l a n n i n g  a g e n c i e s .  Remote s e n s i n g  
i s  used  e x t e n s i v e l y  i n  t h e s e  p rograms .  A s t r o n g  i n p u t  by  ERTS 
p l u s  an  i n c r e a s e  from t h e  p r e s e n t  l e v e l  i s  a n t i c i p a t e d  t h r o u g h  
1977.  

Non-Fzaera l  A c t i v i t i e s  1; 
1: 

Many s t a t e s  h a v e  e x t e n s i v e  e f f o r t s  i n  Land U s e  mapping.  
While some o f  t h e s e  e f f o r t s  a r e  c o n c e r n e d  w i t h  a g r i c u l t u r e ,  t h e  
p o p u l o u s  and d e n s e l y  p o p u l a t e d  s t a t e s  a r e  a c t i v e l y  engaged  i n  /j 
mapping t h e i r  u r b a n  a r e a s .  S e v e r a l  s t a t e s  h a v e  c o m p r e h e n s i v e  l a n d  
r e s o u r c e  i n v e n t o r y  p rograms ,  s u c h  as New Y o r k ' s  LUNR l a n d  u s e  map 
and  i n f o r m a t i o n  s y s t e m .  E a r t h S a t  C o r p o r a t i o n ,  i n  i t s  s t u d y  o n  
S t a t e  ERS a c t i v i t i e s  r e l a t e d  t o  Land U s e , *  h a s  c o m p i l e d  a  c a t a l o g  
o f  a l l  e f f o r t s  and  l e v e l s  o f  a c t i v i t y  b y  S t a t e s * .  

E a r t h S a t ;  " I n t e r i m  R e p o r t :  A n a l y s i s  o f  C o s t s  and B e n e f i t s  
from Use o f  E R S  Data i n  S t a t e  Land U s e  P l a n n i n g n ,  f o r  USDI, 
U S G S ,  March 1974 .  

* *  Op-cit., A p p e n d i x  C ,  S k a t e  o f i l e s  



I 
i 

i 
..- 

I 

- 
! ? 

I 

I 

! 

. -- ...."*. -- -. --------- ..---.------ ". " - 
,.sa*L% .< fr *,, ..*" *"*=%4 &.& A;: , ~ 2 :  ,u.* & Z z ; * h  a,,#d ; *,\, ,,.,"&,,. 2:. .:?* .. " :-,,. , , : . , .. . ~ &-- , , . ,7~ , . ., >:. -, ~"' r. -,..;.'>a,; . .- - - " . '7, 7- -%GK."" , 7 ? - --i ..:. -*. 7.<r2 

RMF No. 4.1.2 

Functions of Remote Sensing 

Remote sensing can provide wide area coverage at very 
low cost. Frequent coverage and rapid data acquisition are 
also valuable capabilities. The ERTS image format is x s e f u l  
and very amenable to automatic processing. 

Current ERTS Activities 

A number of investigators are engaged in determining the 
capabilities of current ERTS imagery in the recognition and 
measurement of land use features. At the Symposium on Significant 
Results Obtained from the ERTS-1 (Goddard, March 19731, one entire 
session was devoted to Land Use and Mapping- Of the 27 papers 
presented at the session, 17 dealt directly with land use, and 
most of these were concerned with specific areas and locations. 
A group of these dealt with the Central Atlantic Regional Eco- 
logical Test Site (CARETS), indicating a number of ERTS mapping 
efforts were successful not only in identifying and measuring 
urban land uses, but also in measuring changes in the time with 
respect to earlier information. In fact, the most prominent new 
capability appears to be the detection of land use changes from 
non-urban (agricultural, etc.) to urban and suburban. 

F, C. Westin of South Dakota State University produced a 
land use and land value map of South Dakota based on ERTS imagery 
and additional sources. 

"The resulting map ...p rovides information on how 
buyers value the land in each of the areas. The 
map is intended for use by revenue officers to 
equalize land values in the state, by individual 
buyers and sellers of land and lending institu- 
tions as a reference source, as a reference map 
by those planning road routes, cable lines and 
pipelines, by conservationists in helping to 
keep inventories current, by agronomists need- 
ing up-to-date information on distribution pat- 
terns of crop growth, and by crop-yield fore- 
casters to guizs sampling strategy. Scientists 
at Tulane University used ERTS digital data 
successfully to classify the city of New 
Orleans into four environmental classes of 
urban quality."* 

* "Widening ERTS Applications,'' E.P. Mercant i ;  Astronautics 
& Aeronautics, May 1 3 7 4 ,  p g s .  3 3 ,  34, 32. 
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P r o f e s s o r  R o b e r t  B. S impson  o f  D a r t m o u t h  C o l l e g e  made a l a n d  
u s e  map o f  Nhode I s l a n d  f rom ERTS i m a g e s  i n  4 8 n a n  h o u r s . *  

" O t h e r  l a n d - u s e  p l a n n e r s  a re  a l s o  t u r n i n g  t o  
ERTS as  t h e  o n l y  s o u r c e  o f  low-cost, a c c u r a t e ,  
u p - t o - d a t e  i n f o r m a t i o n .  Land-use  i n v e n t o r i e s  
are b e i n g  c o n d u c t e d  i n  s e v e r a l  s t a t e s  (Wiscon-  
s i n ,  M i n n e s o t a ,  M i c h i g a n ,  a n d  Wyoming) a t  
v a r i o u s  l e v e l s  o f  c l a s s i f i c a t i o n  f o r  u s e  a l o n g  
with o t h e r  t y p e s  o f  i n f o r m a t i o n  f o r  l a n d  a n d  
r e s o u r c e  management ,  An e x a m p l e  i s  t h e  u s e  
o f  i n v e n t o r y  i n f o r m a t i o n  i n  t h e  e n f o r c e m e n t  
o f  l a w s  c o n c e r n i n g  w e t l a n d s  management .  A t  
t h e  Univ .  of M i n n e s o t a .  D, Brown a n d  o t h e r  
s c i e n t i s t s  h a v e  se t  u p  t h e  i n v e n t o r y  i n  s u c h  
a way t h a t  it c a n  be u s e d  t o  u p d a t e  ax? o p e r a -  
t i o n a l  s t a t e w i d e  l a n d  management  s y s t e m .  

"Urban  p l a n n e r s  i n  Los  A n g e l e s  (S. Raje, R. 
Economy, a n d  J. HcKnlgh t )  a n d  i n  t h e  D e t r o i t  
s u b u r b  o f  O a k l a n d  C o u n t y ,  M i c h i g a n  ( I r w i n  
S a t t i n g e r  a n 5  R o b e r t  D i l l m a n ) ,  a r e  u s i n g  
ERTS d a t a  t o  map a n d  m o n i t o r  u r b a n  g r o w t h  
i n t o  s u r r o u n d i n g  open ,  a g r i c u l t u r e ,  a n d  re- 
c r e a t i o n a l  areas.  I n  Los  A n g e l e s  C o u n t y ,  
Raje h a s  mapped u r b a n  b o u n d a r i e s  f o r  u s e  
i n  t h e  F e d e r a l / S t a t e  Revenue  S h a r i n g  P rogram 

" P i l o t  l a n d - u s e  mapp ing  f rom ERTS i m a g e r y  h a s  
d e l i n e a t e d  n a t u r a l  a n d  c u l t u r a l  f e a t u r e s  o v e r  
a 1300-sq-km (500-sq-mi . )  a r e a  i n  Columbus/  
F r a n k l i n  C o u n t y ,  Oh io .  T h i s  mapp ing  e s t a b l i s h e d  
t h e  f a c t  t h a t  n a t u r a l  a n d  c u l t u r a l  f e a t u r e s  
c a n  b e  a c c u r a t e l y  mapped a t  sca les  i n  e x c e s s  
o f  1 :125 ,000  ( S w e e t ,  W e l l s ,  a n d  W u k e l i c ) .  

"ERTS-1 i m a g e r y  h a s  b e e n  a p p l i e d  t o  t h e  metro- 
p o l i t a n  a reas  o f  R i v e r s i d e  a n d  S a n  B e r n a d i n o  
i n  S o u t h e r n  C a l i f o r n i a  f o r  u p d a t i n g  u r b a n  
l a n d  u s e .  I n  a d d i t i o n ,  d a t a  h a v e  a l s o  been 
u s e d  t o  a s s e s s  t h e  r e c r e a t i o n a l  i m p a c t  o f  

* "ERTS-1 Toward G l o b a l  M o n i t o r i n g , "  J .C.  F l e t c h e r ;  
A s t r o n a u t i c s  6 A e r o n a u t i c s ,  S e p t .  1 9 7 3 ,  pg. 3 5 .  
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daa9-buggy r a z i n g  o n  d e s e r t  e c o l o g i e s  i n  
S o u t h e r n  C a l i f o r n i a  (Eaz~5an and N i e l l e n a v e ) .  
H .  Na l lon  of t h e  M e t r o p o l i t a n  Washington 
C o u n c i l  of Governments has u s e d  ERTS imagery  
to u p d a t e  l a n d - u s e  i n f o r m a t i o n  i n  t h e  Wash- 
i n g t o n ,  D.C. a r e a .  " *  

C u r r e n t  ERTS and a s s o c i a t e d  d a t a  p r o c e s s i n g  c a p a b i l i t i e s  a l l o w  
mapping at l e v e l s  I and IT. The Canada C e n t r e  f o r  Remote 
S e n s i n g  i n  Ot tawa h a s  p u b l i s h e d  p i c t u r e s  o f  u r b a n  areas ob- 
t a i n e d  by a d d i t i o n a l  enhancement  p r o c e s s i n g  o f  ERTS images .  
These  p i c t u r e s  show u r b a n  d e t a i l s  down t o  i n d i v i d u a l  streets 
and b l o c k s .  I t  i s  t h u s  a l r e a d y  p o s s i b l e  to o b t a i n  some 
l e v e l  I11 l a n d  c l a s i f i c a t i o n  f e a t u r e s . * *  T h e r e f o r e ,  improved 
r e s o l u t i o n  - down t o  2 0  meters, f o r  example  - w i l l  p r o b a b l y  
a l l o w  v i r t u a l l y  a l l  l e v e l  111 mapping f r o m  ERS images .  

E s t i m a t e  of BRTS Economic B e n e f i t s  

The d o l l a r  b e n e f i t s  d u e  t o  s a v i n g s  i n  mapping c o s t s  
~ a i i z r  t h i n  RMF a c c r u e  t o  t h e  a q e n c i e s  p e r f o r m i n g  t h e s e  o p e r a -  
t i o n s .  They have been a g g r e g z t e d  f o r  a l l  F e d e r a l  and s ta te  
a c t i v i t i e s  and  appear  a s  p a r t  o f  t h a t  t o t a l  i n  T a b l e  7 i n  
t h e  i n t r o d u c t i o n .  F u r t h e r  b e n e f i t s  e x i s t  i n  f r e q u e n c y  o f  u p d a t e  
and s p e e d  of  data acc!u i s i t ion .  

* "ERTS-1 T e a c h i n g  U s  a Kew Way t o  S e e , "  E .P .  M e r c a n t i ;  
A s t r o n a c t i c s  & A e r o n a u t i c s ,  S e p t .  7 3 ,  pg. 60.  

* *  "Land Use C l a s s i f i c a t i o n  and Change A n a l y s i s  Unsing ERTS-1 
Imagery  i n  C A R E T S , "  R .  H. A l e x a n d e r ;  P a p e r  L6, Symposium 
o n  S i g n i f i c a n t  Results from E R T S - I ,  Goddard,  March 1973 .  
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FAULT ZONE AND LINEAMENT MAPPING 

R a t i o n a l e  o f  B e n e f i t s  

fn same i n s t a n c e s  t h e r e  e x i s t s  u n c e r t a i n t y  and d i s p u t e  
a b o u t  t h e  p r e s e n c e  and l o c a t i o n  o f  f a u l t s .  Where mapping is 
incomple t e ,  or i n  d i s p u t e ,  development  may t a k e  p l a c e  and i n -  
o r d i n a t e l y  h i g h  v a l u e s  may b e  p l a c e d  on l a n d .  When mapping 
is comple t e  and t h e  threat o f  e a r t h q u a k e  i s  knowr., v a l u e s  w i l l  
f a l l  and it w i l l  be r e ~ o g ~ ~ t z e d  t h a t  t h e  f a u l t  zone h a s  been  
imprope r ly  u t i l i z e d .  S t r u c t u r e s  .i g h t  n o t  b e  d e s i g n e d  t o  wi th-  
s t a n d  quakes ,  and many l i v e s  may be t h r e a t e n e d  because  a l a r g e  
number- oE peop le  may b e  l o c a t e d  i n  t h e  t o n e  i n  unsafe b u i l d i ~ : , ~ ,  
i n s t r t a t i o n s ,  s c h o o l s ,  e t c .  

Improved mapping c a n  be  expec t ed  t o  p r e v e n t  f u t u r e  p o t e n t i a l  l o s s  
o f  l i f e  and l imb  and t h e  v a l u e  o f  s t r u c t u r e s .  B e n e f i t s  o b v i o u s l y  
ex'tend beyond f a u l t - z o n e  p r o p e r t y  owners  t o  r e l a S i v e s ,  f r i e n d s  
and even t h e  s u p p o r t e r s  o f  o r g a n i z a t i o n s  worldwide t h a t  p r o v i d e  
d i s a s t e r  r e l i e f .  

i 1 f e d e r a l  Government A c t i v i t i e s  and R e s p o n s i b i l i t i e s  

t 

i - The N a t i o n a l  Oceanic  and Atmospher ic  A d m i n i s t r a t i o n ,  t h e  
U S G S  and NASA a r e  g a t h e r i n g  measurement d a t a  i n  t h i s  a r e a .  

I - 
F u n c t i o n s  of  Remote S e n s i n g  

Remote s e n s i n g  by e a r t h  r e s o u r c e  s a t e l l i t e s  p r o v i d e s  
m u l t i s p e c t r a l  images i n  a s c a l e  and d e t a i l  such  t h a t  f a u l t  
zones and l i d e a m e n t s  c a n  be l o c a t e d  and mappad by v i s u a l  i n -  
s p e c t i o n .  C u r r e n t  f a u l t  mapping by a i r c r a f t  s u f f e r s  i n  t h a t  
p ~ o t o m o n t a g s s  a r e  now c r e a t e d  s lowly  r e l a t i v e  t o  s a t e l l i t e  speed .  
Thus,  shadow changes ,  o c c u r r i n g  d u r i n g  t h e  e l a p s e d  t i m e  n e c e s s a r y ,  
can  o b s c u r e  f a u l t l i n e s .  The un ique  c h a r a c t e r i s t i c s  of  t h e  speed  
and s y n o p t i c  cove rage  of t h e  satellite c a n  v i r t u a l l y  e l i m i n a t e  
t h i s  problem. A f a u l t  which may n o t  be  s e e n  i n  summer because  
o f  f o l i a g e  c o v e r ,  f o r  example,  may a p p e a r  c l e a r l y  i n  a  w i n t e r  
p i c t u r e .  Photographs  t a k e n  when t h e  ground i s  snow-covered 
p r o v i d e  improved i n f o r m a t i o n  on l i n e a m e n t s ,  and ,  t h e r e f o r e ,  t h e  

! r e p e a t e d  c o v e r a g e  by s a t e l i i t e  c a n  be  o f  c o n s i d e r a b l e  advantage .  

Economic and T e c h n i c a l  Models f o r  E s t i m a t i n g  B e n e f i t s  o f  Remote 
Stlnsed Data - 

Minimum b e n e f i t s  may be computed as t h e  d i s c o u n t e d  v a l u e  
of added i n f o r m a t i o n ,  i . e . ,  p r o p e r t y  v a l u e , l o s s e s  saved  and 

. , r e l i e f  s a v i n g s .  Savings.of l i f e  and l imb  a r e  t h e  most  i m p o r t a n t  
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b e n e f i t s .  These  economic c o s t s  may be measured u s i n g  t h e  method 
of Chauncey Starr. R i s k  o f  e a r t h q u a k e s  t o  a  p e r s o n  l i v i n g  i n  a n  
e a r t h q u a k e  area i s  a b o u t  1 0 - l o  f a t a l i t i e s  p e r  e x p o s u r e  h o u r .  

! C o n s t a n t  e x p o s u r e  for one y e a r  t r a n s l a t e s  t o  a r i s k - e q u i v a l e n t  - -  
a n n u a l  b e n e f i t  o f  about $220 per p e r s o n  w i t h  a d e r i v a t i v e  t h a t  
y i e l d s  $1.80 p e r  e x p o s u r e  year p e r  percent change  i n  risk. 

i B e n e f i t s  f rom improved knowledge of 'real" v a l u e  o f  l a n d  p o s s i b l e  
from fault i n f o r m a t i o n  are modeled i n  RMP 8 . 4 . 1  (Volume X). 

i - Curreat ERTS A c t i v i t i e s  

I ERTS has shown r e m a r k a b l e  a b i l i t y  i n  d e t e c t i n g  s u b t l e  
features s u c h  as l i n e a m e n t s ,  faults and a n o m a l i e s .  T h i s  c a p a -  
b i l i t y  has  a l r e a d y  p r o v e n  u s e f u l  i n  a s s e s s i n g  e a r t h q u a k e  p rob-  
a b i l i t i e s .  See RMF 5 .1 .1 ,  Volume VII for details and d o c u m e n t a t i o n .  

i E s t i m a t e  of ERTS Economic C a p a b i l i t i e s  

I S i g n i f i c a n t  b e n e f i t  e x i s t s  i n  detecting features which 

i have n o t  shown up o n  h i g h  a l t i t u d e  aircraft m o s a i c s ,  but these have 

1 -- n o t  been  quantified. 
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PROVIDE CENSUS ESTIMATES - DEMOGRAPHICAL SERVICES 
Rationale for Benefits 

Accurate demographic information is essential to the 
planning efforts of both the public and private sectors. For 
governmants, statistical information concerning population 
size, density and distribution enters into facilities and 
services planning, tax revenue projections, budget allocations, 
and legislative decisions. Por private concerns demographic 
information is indispensible to sales efforts, ~ l a n t  location 
and expansion decisions, personnel services, and other executive 
planning. 

Improvement of both the curreet census and intercensal 
demographic estimates by means of more accurate and timely 
observations can result in improved planning decisions and hence, 
a benefit to society. 

Federal Government Activities and Responsibilities 

Under the reorganization act of January 1, 1974, the 
Bureau of the Census and the Bureau of Economic Analysis were 
combined to form the Social and Economic Statistics Administration. 
The SESA is the primary Federal agency for demographic data 
collection and reporting. The estimated budget for fiscal year 
1975 in the current SESA demographic statistics progral is $5.2 
million. The Housing Act of 1954 (40 USC 461) authorizes the 
secretary of HUD to provide technical. assistance to local 
government planning agencies through studies or problems relating 
to urban development. 

Function of Remote Sensing 

The function of remote sensing in demographic studies is 
to delineate land use changes to provide inputs to demographic 
models. Intercensal estimates of population density and distri- 
bution may be improved by ERS ability to provide accurate and 
frequent observations. 

Current ERTS Activities - 

The present ERTS system does not have sufficient resolution 
to capture the major benefit i-I this area. Land use measurement 
as detailed as one-half acre would aid in accurately detecting 
residential and urban expansion or contraction. A high resolution 
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thermal infrared s e n s o r  might also assist i n  this function by 
inferring level of economic activity from thermal radianc~, 

Estimate of ERTS Economic Capabilities 

Possibly significant benefits exist for an ERS satellite 
system, particularly one with greater capability including higher 
resolution and a thermal IR sensor. 
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REGIONAL AND LOCAL L A N D  USE INVENTORIES 

R a t i o n a l e  f o r  B e n e f i t s  

The u t i l i t y  o f  k e e p i n g  r e g i o n a l  and  l o c a l  l a n d  u s e  
i n v e n t o r i e s  l i e s  i n  1) e n v i r o n m e n t a l  c o n c e r n s ;  2 )  p r o p e r t y  
t a x  r e v e n u e  e s t i m a t i o n ;  3)  o t h e r  communi ty  a n d  r e g i o n a l  
p l a n n i n g .  R e g i o n a l  e n v i r o n m e n t a l  a g e n c i e s  u s e  l a n d  u s e  i n v e n t -  
o r i e s  t o  d e t e r m i n e  p o s s i b l e  n e e d  f o r  w i l d l i f e  p r e s e r v e s ,  w e t l a n d  
a n d  f o r e s t  p r e s e r v a t i o n ,  a n d  i n d u s t r i a l  z o n i n g .  Land u s e  
i n v e n t o r i e s  a r e  u s e d  f o r  g o v e r n m e n t a l  es t imates  o f  p r o p e r t y  t a x  
r e v e n u e ,  g i v e n  t h e  v a r i o u s  t a x  r a t e s  f o r  h e a v y  i n d u s t r y ,  r e s i d e n t i a l ,  
e t c .  I n  t h e  o t h e r  a r e a s  o f  g o v e r n m e n t a l  f a c i l i t y  a n d  s e r v i c e  
p l a n n i n g ,  z o n i n g  r e g u l a t i o n s  a n d  r e c r e a t i o n a l  n e e d s ,  a r e  
d e t e r m i n e d  by  t o w n s h i p  c o m m i t t e e s  f r o m  l a n d  u s e  i n f o r m a t i o n .  
The  b e n e f i t  o f  i m p r o v i n g  i n v e n t o r y  f r e q u e n c y  a n d  a c c u r a c y  may 
be f o u n d  i n  b e t t e r  g o v e r n m e n t a l  p l a n n i n g  a n d  r e g u l a t o r y  e f f o r t s .  

F e d e r a l  A c t i v i t i e s  a n d  R e s p o n s i b i l i t i e s  

Land u s e  c h a n g e s  a n d  t r e n d s  i n  r u r a l  a r e a s  a re  s t u d i e d  
by  t h e  D e p a r t m e n t  o f  A g r i c u l t u r e  u n d e r  t h e  R u r a l  Deve lopmen t  
A c t  o f  1 9 7 2 .  

C u r r e n t  ERTS A c t i v i t i e s  

A s t u d y  e n t i t l e d  "ERTS-1 R o l e  i n  Land Management a n d  
P l a n n i n g  i n  M i n n e s o t a , "  h a s  r e p o r t e d  o n  t h e  a p p l i c a t i o n s  o f  
ERTS-1 i m a g e r y  t o  u p d a t e  a n d  r e f i n e  t h e  d e t a i l  of l a n d  u s e  
i n f o r m a t i o n  i n  t h e  M i n n e s o t a  Land Management I n f o r m a t i o n  S y s t e m .  
The s t u d y  c o n c l u d e s  t h a t  s u c c e s s f u l  d e l i n e a t i o n  s u r f a c e  c o v e r  
is  p o s s i b l e ,  b u t  t h a t  e a c h  c l a s s  o f  c o v e r  h a s  i t s  own o p t i m a l  
s e a s o n ( s )  f o r  i n t e r p r e t a t i o n .  The  ~ n v e s t i g a t o r s  f e l t  t h a t  
t h e s e  p r o b l e m s  c o u l d  be r e . ?uced  w i t h  t h e r m a l  i n f r a r e d  l a n d  
i m a g e s ,  more  f r e q u e n t  c o v e r a g e ,  o r  r e d u c t i o n s  i n  c l o u d  c o v e r . *  

F u n c t i o n  o f  Remote S e n s i n g  

The ERS a b i l i t y  t o  d e l i n e a t e  b e t w e e n  i n d u s t r i a l  and  
r e s i d e n t i a l  a r e a s ,  l o w  d e n s i t y  a n d  h i g h  d e n s i t y  r e s i d e n t i a l  
a r e a s ,  a n d  o t h e r  l a n d  u s e s  a l l o w s  a  p a r t i c u l a r  u s e f u l n e s s  o f  
E R S  i n  a n y  l a n d  u s e  i n v e n t o r y  p r o g r a m .  A s  p r e s e n t  i n v e n t o r i e s  
a r e  u s u a l l y  u p d a t e d  on a y e a r l y  o r  e v e n  f i v e  y e a r  b a s i s ,  t h e  
f r e q u e n c y  o f  c o v e r a g e  p r o v i d e d  b y  ERS wou ld  i m p r b v e  t h e  t i m e l i n e s  
a n d  a c c u r a c y  o f  e x i s t i n g  l a n d  u s e  i n v e n t o r i e s .  

* ~ i ' z e r ,  J o s e p h  E.  a n d  Brown, Dwigh t ,  "ERTS-1 R o l e  I n  Land 
Management a n d  P l a n n i n g  i n  M i n n e s o t a " ,  f r o m  T h i r d  E a r t h  - 
R e s o u r c e s  T e c h n o l o g y  Satellite-1 Symposium, Volume 3 
( U . S .  Government  P r i n t i n g  O f f i c e ,  1 9 7 4 1 ,  p.341-350. 
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Es t imate  of ERTS Economic C a p a b i l i t i e s  - 
S i g n i f i c a n t  b e n e f i t  p o t e n t i a l  e x i s t s  f o r  ERTS i n  t h i s  

f u n c t i o n .  EarthSat  has  documented a  study o f  b e n e f i t s  f o r  
land  u s e  in format ion  a t  t h e  S t a t e  level (see Table  5, p a g e l - 1 2 ) .  
Demand f o r  t h j s  i n f o r m a t i o n  a t  levels s m a l l e r  than t h e  S t a t e  
is  so d i f f u s e  t h a t  i t  i s  very d i f f i c u l t  t o  q u a n t i f y .  



R M F  No. 4 . 2 . 3  

L A N D  USE CHANGE STATISTICS 

R a t i o n a l e  f o r  B e n e f i t  

Land u s e  c h a n g e  s t a t i s t i c s  are  c u r r e n t l y  b e i n g  u s e d  
b y  g o v e r n m e n t a l  a g e n c i e s  t o  d e t e r m i n e  a n d  p r e d i c t  t h e  c o u r s e  
o f  u r b a n  and  s u b u r b a n  d e v e l o p m e n t ,  a n d  i t s  i m p a c t  o n  w i l d l i f e  
a n d  f a r m l a n d  a r e a s .  The u s e  o f  t h e s e  s t a t i s t i c s  by l e g i s l s t o r s  
h a s  a n  i m p a c t  o n  z o n i n g  r e g u l a t i o n s ,  e n v i r o n m e n t a l  l a n d  u s e  
l a w s ,  a n d  f a c i l i t y  p l a n n i n g .  

F u n c t i o n  o f  Remote S e n s i n q  

Land u s e  c h a n g e  s t a t i s t i c s  o n  t h e  l o c a l  l e v e l  a r e  
p r e s e n t l y  g l e a n e d  f rom c u r r e n t  l a n d  u s e  i n v e n t o r i e s  ( s e e  
RMF 2 . 4 . 2 ) .  I n  t h o s e  a r e a s  w h e r e  l a n d  u s e  i n v e n t o r i e s  are n e t  
k e p t  f o r  r e a s o n s  o f  e x p e n s e  a n d  l a c k  o f  t r a i n e d  manpower,  
t h e  s t a r t u p  c o s t s  o f  e s t a b l i s h i n g  a n  e x p e n s i v e  i n v e n t o r y  
s y s t e m  c a n  b e  a v o i d e d  by u s i n g  ERS i n a g e r y  a t  f r e q u e n t  
i n t e r v a l s .  

C u r r e n t  ERTS A c t i v i t i e s  

The D a r t m o u t h  C o l l e g e  P r o j e c t  i n  Remote S e n s i n g  w h i c h  
h a s  r e l e a s e d  a  s t u d y  e n t i t l e d ,  " E v a l u a t i o n  o f  ERTS-1 D a t a  f o r  
A c q u i r i n g  Land U s e  D a t a  o f  N o r t h e r n  M e g a l o p o l i s , "  c o n c l u d e s  
" t h a t  it i s  c o m p l e t e l y  p r a c t i c a l  t o  c o m p i l e  a n  11 c a t e g o r y  
l a n d  u s e  map f o r  a  s t a t e  o r  g r o u p  o f  s t a t e s  u t i l i z i n g  u n e n h a n c e d  
ERTS-1 i m a g e r y  a n d  c o n v e n t i o n a l  m a n u a l  p h o t o  i n t e r p r e t a i o n  
t e c h n i q u e s . " *  

E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  

No e s t i m a t e  o f  b e n e f i t s  h a s  b e e n  made ,  h o w e v e r ,  
s i g n i f i c a n t  b e n e f i t s  a r e  e v i d e n c e d  t h r o u g h  a demand f o r  S t a t e ,  
r e g i o n a l  and l o c a l  l a n d  u s e  d a t a .  

-- 
* S i m p i n ,  L i n d g r e n ,  and  G o l d s t e i n ,  " E v a l u a t i o n  o f  ERTS-1 

D a t a  f o r  A c q u i r i n g  Land Use D a t a  o f  N o r t h e r n  M e g a l o p o l i s " .  
T h i r d  E a r t h  - ~ e s o u r c e s  T e c h n o l o g y  S a t e l l i t e  sympos ium,  
Volume I ,  (U.S.Government  p r i n t i n g  O f f i c e ,  1 9 7 4 1 ,  p . 3 8 6 .  
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MONITOR LAND MOVEMENTS - SAKD DUNES, WETLANDS, ETC. 
R a t i o n a l e  f o r  B e n e f i t s  

A c c u r a t e  m o n i t o r i n g  o f  sand  dune  movements i s  i m p o r t a n t  
t o  t r a n s p o r t a t i o n  i n  d e s e r t  a r e a s .  I n  t h e  s h o r t  t e r m ,  m o n i t o r i n s  
s a n d  dune  movements c o u l d  a l l o w  a  more e f f i c i e n t  s c h e d u l i n g  o f  
r o a d  and r a i l  m a i n t e c a n c e  e f f o r t s .  Over a l o n g e r  p e r i o d  o f  
t i m e  a  r e c o r d  o f  s a n d  dune  movements c o u l d  p i n p o i n t  a r e a s  o f  
f r e q u e n t  a c t i v i t y .  These  a r e a s  c o u l d  b e  a v o i d e d  i n  f u t u r e  r o a d -  
b u i l d i n g  p r o j e c t s .  

M o n i t o r i n g  w e t l a n d  movement h a s  c o n s i d e r a b l e  i m p o r t a n c e  
t o  sound e c o l o g i c a l  management o f  c o a s t a l  and l a k e  a r e a  w e t l a n d s .  
L o s s  o f  w e t l a n d  a r e a s  d u e  t o  n a t u r a l  o r  manmade c a u s e s  c a n  
r a d i c a l l y  c h a n g e  w i l d l i f e  b r e e d i n g  h a b i t s ,  and  t h e r e f o r :  a f f e c t  
t h e  s u r v i v a l  o f  many s p e c i e s .  

F u n c t i o n  o f  Remote S e n s i n g  - 
I n  t h e  m o n i t o r i n g  o f  sand  dune movement, a n  ERS s y s t e m  

c o u l d  be v e r y  e f f e c t i v e  d u e  t o  i t s  a b i l i t y  t o  s c a n  r e m o t e  
d e s e r t  e x p a n s e  q u i c k l y ,  a c c u r a t e l y ,  and c h e a p l y .  Wet land  move- 
ment c o u l d  a l s o  be m o n i t o r e d  i n  r emote  a r e a s  o n  a t i m e l y  b a s i s .  

E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  

B e n e f i t  p o t e n t i a l  i n  c o s t  s a v i n g s  e x i s t s  f o r  t h i s  
f u n c t i o n  b u t  have  n o t  been  q u a n t i f i e d .  
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SELECTION OF FEDERAL A N D  STATE P A R K S  A N D  RECREATION AREAS 

R a t i o n a l e  f o r  B e n e f i t s  

B e n e f i t s  come from t h e  i n c r e a s e d  u s e  o f  r e c r e a t i o n a l  
a r e a s  by t o u r i s t s  nd n e i g h b o r h o o d  r e s i d e n t s .  A b e t t e r  s e l e c -  
t i o n  o f  t h e  r e c r e a t i o n  s i t e s  w i l l  e n h a n c e  t h e i r  a e s t h e t i c  
v a l u e ,  hence  a t t r a c t  more u s e r s  ( p r i m a r y  b e n e f i t ) .  The s e r v i c e  
i n d u s t r y  a i o n g  t h e  r e c r e a t i o n a l  s i t e s  w i l l  b e  t h e  r e c i p i e n t  o f  
t h e  s e c o n d a r y  b e n e f i t  a s  a  r e s u l t  o f  i n c r e a s e d  s p e n d i n g  by u s e r s .  

Fcom t h e  macro p o i n t  o f  v i e w ,  p a r k s  and r e c r e a t i o n a l  
a r e a s  s e r v e  as  t h e  b u c f e r  zone  ne tween  t h e  i n d u s t r i a l  s e c t i o n  
and  t h e  r e s i d e n t i a l  s e c t i o n .  T h u s , a  f u r t h e r  b e n e f i t  w i l l  a c c r u e  
t o  t h e  s o c i e t y  by  p i a c i n g  p a r k s  and r e c r e a t i o n a l  a r e a s  which 
w i l l  p r o p e r l y  s e p a r a t e  f u t u r c  i n d u s t r i a l  areas f rom r e s i d e n t i a l  
a r e a s .  

F e d e r a l  Government A c t i v i t i e s  and R e s ~ o n s i b i l i t i e s  

N a t i o i - a 1  W i l d e r n e s s  P r e s e r v a t i o n  Sys tem,  1 9 6 4  (P.L. 
88-577)  - " t h e  S e c r e t a r y  o f  A g r i c u l t u r e  s h a l l  r e v i e w  as t o  i t s  
s u i t a b i l i t y  o r  n o n - s u i t a b i l i t y  f o r  p r e s e r v a t i o n  a s  w i l d e r n e s s  
e a c h  a r e a  i n  t h e  n a t i o n a l  f o r e s t  c l a s s i f i e d  on t h e  e f f e c t i v e  d a t a  
o f  t h i s  Act  a s  p r i m i t i v e  . . ." 

Outdoor  R e c r e a t i o n  Act ( P . L .  88-29) - " t h e  S e c r e t a r y  
o f  t h e  I n t e r i o r  i s  a u t h o r i z e d  t o  p r e p a r e  and m a i n t a i n  a  con-  
t i n u i n g  i n v e n t o r y  and e v a l u a t i o n  o f  o u t d o c r  r e c r e a t i o n  n e e d s  
a n d  r e s o u r c e s  ." 

F u n c t i o n  of Remots S e n s i n g  

Remote Sensi1:g o f f e r s  a f a s t  and i n e x p e n s i v e  means f o r  
i n v e n t o r y i n g  f o r e s t  and open s p a c e  and t h e i r  r e l a t i o n s h i p  t9 
u r b a n  c e n t e r s  and p h y s i c a l  f e a t u r e s  s u c h  a s  lakes, x i v e r s ,  a n d  
m o u n t a i n s .  

C u r r e c t  ERTS A c t i v i t i a s  

ERTS-1 h a s  baen  shown t o  p o s s e s s  s u f f i c i e n t  r e s o l u t i o n  
c a p a b i l i t y  f o r  t h i s  a c t i v i t y .  A l l  L e v e l  I categories can  b e  
d i f f e r e n t i a t e d .  

E s t i m a t e  ofERTS Economic C a p a b i l i t i e s  - 
N o  estimate of b e n e f i t s  h a s  been  made. 
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L O C A T I O N  O F  NEW TOWi;S AND OTHER DEVELOPMENTS 

R a t i o n a l e  f o r  B e n e f i t s  - 

I n  h i q h l y  u r b a n i z e d  a r e a s  s u c h  a s  t h e  M i d d l e  A t l a n t i c  
S t a t e s ,  a phenomsnon h a s  d e v e l o p e d  w h i c h  t h r e a t e n s  o r d e z l y  l a n d  
u s e .  S m a l l  h o u s i n g  d e v e l o p m e n t s  ( e  .g., 20-3C homes)  , s h o p p i n g  
c e n t e r s ,  e t c . ,  a r e  a p p e a r i n g  s o  r a p i d l y  t h a t  s t a t e  p l a n n e r s  c a n -  
n o t  k e e p  u p  w i t h  them.  T h e i r  e f f e c t s  on  t h e  e n v i r o n m e n t  c a n n o t  
be  p r o p e r l y  a s s e s s e d  b e c a u s e  t h e  d e v e l o p m e n t s  a r e  f r e q u e n t l y  
unkno*-n t o  t h e  p l a n n e r s  u n t i l  t h e  damage h a s  a l r e a d y  o c c u r r e d .  
T h e  p r o b l e m s  c r e a t e d  by i m p r o p e r  d e v e l o p m e n t  i n v o l v e  a  w i d e  r a n g e  
o f  d i f f i c u l t i e s .  Zn o n e  N e w  J e r s e y  a r e a ,  w a t e r  d r a i n a g e  was 
a f f e c t e d  by  l a n d  d e v e l o p m e n t  l r i t h  t h e  r e s u l t  t h a t  a n  a r e a  w h i c h  
h a d  n e v e r  f l o o d e d  ir. t h e  p a s t  now s u f f e r s  f r e q u e n t  f l o o d i n g .  
Somet imes  t h e  new d e v e l o p m e n t s  c a u s e  o v e r l o a d s  o f  u t i l i t f e s ,  
t r a n s p o r t a t i o n  f a c i l i t i e s ,  w a t e r  s u p p l i e s ,  and sewage  d i s p o s a l  
f a c i l i t i e s .  O t h e r  p r o b l e m s  i n c l u d e  e r o s i o n  d u e  t o  s t r i p p e d  v e g e -  
t a t i o n ,  d e s t r u c t i o n  o f  d e s i r a b l e  w i l d l i f e  h a b i t a t  a n d  p o l l u t i o n  
c ~ f  w a t e r  s u p p l i e s .  

F e d e r a l  Government  A c t i v i t i e s  a n d  R e s p o n s i b i l i t i e s  

F e d e r a l  a c t i v i t i e s  a r e  authorized o n  m a n d a t e  by  t h e  
f o l l o w i n g  s t a t u t e s :  Water  R e s o u r c e s  P l a n n i n g  Act  (32 U S C  1 9 6 2 A - l ) -  
t h e  Y a t e r  R e s o u r c e s  C o u n c i l  i s  d i r e c t e d  t o  m a i n t a i n  a c o n t i n u i n g  
study of t h e  adequac::? o f  w a t e r  s u p p l i e s  n e c e s s a r y  m e e t  t h e  
w a t e r  r e q u i r e m e n t s  o f  each  w a t e r  r e s o u r c e  reg.< ' 1:  ' ' ~ e  U.S., 
and t h e  N a t i o n a l  F l o o d i n g  I n s u r a n c e  Act  o f  1960 \ s e e  RMF 4 . 1 . 2 ) .  

F u n c t i o n  of Remot .: S e n s i n g  

Remote s e n s i n g  o f f e r s  f r e q u e n t  u p d a t e  c a p a b i l i t i e s  t o  
d e t e r m i n e  u r b a n  o r  r e s i d e n t i a l  s , r awl  a n d  h o u s i n g  d e v e l o 2 m e n t  
t r e n d s  a n 3  t h e i r  e f f e c t s  o n  t h e  l o c a l  e c o l o g y .  R e c e n t  
i n f o r m a t i o n  p r o v i d e s  t h e  maximum amount  of t i m e  t o  d c a l  w i t h  
p rob lem s i t u a t i o n s  b e f o r e  r e s o a l c e s  a r e  c o m m i t t e d .  

~ s t i m a t e  o f  ERTSEconomic  C a p a b i l i t i e s  

S i g n i f i c ~ n t  b e n e f i t  e x i s t s  f o r  S t a t e  a n d  l o c a l  ~ l a n n e r s ,  
b u t  h a ?  n o t  b e e n  e s t i m a t e d .  
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ALLOCATI3hl  OF LAND F O R  HIGHWAYS A N D  OTHER RIGHTS-OF-WAY 

R a t i o n a l e  f o r  B e n e f i t s  --- 

I n  t h e  p a s t ,  h ighway  a l i g n m e n t  w a s  g e n e r a l l y  d e c i d e d  
l a r g e l y  on  e n q i n e e r i n g  c a n s i d e r a t i o n s ;  t h a t  i s ,  m i n i m i z i n g  a  corn- 
b i n z t i o n  of c o s t s  a n d  r o a d  l e n g t h ,  s u b j e c t  t o  c e r t a i n  h i g h g a y  . 
c o n s t r u c t i o n  s t a n d a r d s  a n d  s p e c i f i c a t i o n s .  O t h e r  c o n s i d e r a t i o n s ,  
s v ~ c h  a s  t h e  e n v i r o n m e n t a l ,  s o c i a l ,  i n d u s t r i a l  a n d  general 
economic  c o n s e q u e n c e s  o f  h ighway r o u t i n g  r e r e  i g n o r e d ,  f o r  sever: 
a1 r e a s o n s :  s t a t u t o r y  a n d  b u d g e t a r y  ( n o  f u n d s  a v a i l a b l e  e i t h e r  
f o r  d e v e l a p i n g  t h e  a p p r o p r i a t e  d a t a  o r  f o r  t h e  cos t  a d d e d  d u e  t o  
s e l e c t i n g  a r o u t i n g  more  e x p e n s i v e  t h a n  t h e  minimum);  t h e  d i f f i -  
c u l t i e s ,  b o t h  c o n c e p t u a l  a n d  p r a c t i c a l ,  i n  o b t a i n i n g  t h e  a d d i -  
t i o n a l  d a t a  a n d  i n  q u a n t i f k - i n g  it; a n d  t h e  lack o f  a  v e h i c l e  f o r  
t h e  e x p r e s s i o n  o f  t h e  i n t e r e s t e d  p a r t i e s  a f f e c t e d .  

The damage c a u s e d  by  t h i s  nar row-minded a p p r o a c h  c a n  b e  
r e a d i l y  o b s e r v e d  by  l o o k i n g  a t  t h e  e f f e c t s  o f  some i n t e r s t a t e  
highway r o u t i n y s ,  e s p e c i a l l y  t h r o u g h  u r b a n  a n d  s u b u r b a n  a r e a s .  
This t y p e  of l a y o u t  would n o t  b e  a c c e p t a b l e ,  o r  e v e n  l e g a l ,  
t o d a y :  g r o u p s  a f f e c t e d  a r e  i n c r e a s i n g l y  v o c a l  a n d  w i l l  make 
t h e m s e l v e s  h e a r d  t h r o u g h  v a r i o u s  p o l i t i c a l  a n d  p u b l i c i t y  means ,  
p l u s  p r e s e n t  F e d e r a l  l a w  r e q u i r e s  a  s t a t e m e n t  o f  e n v i r o n m e n t a l  
i n p a c t  f o r  a n y  p r o j e c t  o f  t h i s  kind. 

The f o l l o w i n g  pre-ERS c a s e  h i s t o r y  p r o v i d e s  a good i l l u s -  
t r a t i o n  o f  t h e  p o t e n t i a l  v a l u e  a n d  c o n t r i b u t i o n  o f  ERS d a t a  t o  
p r o b l e m s  of l a r d  u s e - l o c a t i o n - a l l o c a t i o n  f o r  h ighway  a n d  o t h e r  
r i g h t - o f - w a y  a l i g n m e n t s ,  

A p r o m i n e n t  u r b a n  a n d  r e g i o n a l  p l a n n e r  h a s  d e v e l o p e d  a 
n e t h o d  t o  o p t i m i z e  o r  improve  h ighway  l a y o u t s  a n d  a l i g n m e n t s .  * 
I t  c o n s i s t s  o f  d r a w i n g  u p  a  s e r i e s  o f  t h e m a t i c  maps o f  t h e  
r e g i o n  u n d e r  c o n s i d e r a t i o n  o n  t r a n s p a r e n t  p l a s t i c  s h e e t s .  
T h e  darker o r  d e n s e r  t h e  c o l o r  o f  s p e c i f i c  a r e a s  o n  a  p a r -  
t i c u l a r  t h e m a t i c  map, t h e  l e s s  d e s i r a b l e  t h a t  s p o t  i s  f o r  p u r -  
pqses o f  h ighway r o u t i n g .  F o r  e x a m p l e ,  s l o p e  is  u n d e s i r a b l e ;  
t h e r e f o r e  a  map w i t h  s h a d i n g  p r o p o r t i o n a l  t o  l o c a l  s l o p e  a t  
each p o i n t  is p r e p a r e d .  Some o f  t h e s e  maps  r e p r e s e n t  p h y s i c a l  
c h a r a c t e r i s t i c s ,  s u c h  as  f o r e s t  c o v e r ,  s o i l  c o n d i t i o n s ,  e t c .  
O t h c r s  may r e p r e s e n t  s u c h  c o n s i d e r a t i o n s  a s  l a n d  v a l u e s  o r  
h i s t o r i c  va l . ues .  These t r a n s p a r e n c i e s  a r e  t h e n  s u p e r i m p o s e d ,  
a n d  t1.n mos t  s u i t a b l e  a r e a s  f o r  h ighway l o c a t i o n  e m e r g e .  V a r i o u s  
a l i q n m e n t s  a r e  t h e n  t r i e d  o u t  u n t i l  the " b e s t "  o n e  i s  s e l e c t e d  

" D z s i g n  w i t h  N a t u r e " ,  I a n  McHarg, D o u b l e d a y ,  1 9 6 9 ;  pg .  35  
D t  s e q .  
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and a g r e e d  on .  T h i s  m e t h s d  n o t  o n l y  a l l o w s  t h e  c o m p a r i s o n  o f  
v a r i o u s  . n l i g n m e n t s ,  b u t  e n a b l e s  p l a n n e r s  - a n d  other i n t e r e s t e d  
p a r t i e s  - t o  t e s t  and  a p p r e c i a t e  t h e  i n f l u e n c e  o f  e a c h  f a c t o r  
c o n s i d e r e d .  A t  t h i s  p o i n t  t h e  method i s  s t i l l  l a r g e l y  q u a l i t 3 -  
t i v e  i n  t h e  a g g r e g a t e .  

McHarg d e s c r i b e s  two s p e c i f i c  p : : ac t i ca l  a p p l i c a t i o n s  o f  
h i s  q u a l i t a t i v e  m e t h o d ,  o n e  r e l a t e d  t o  t h e  r o u t i n g  o f  h ighway  
1-95 t h r o u g h  c e n t r a l  New J e r s e y ,  a n d  t h e  o t h e r  c o n c e r n i n g  t h z  
l o c a t i o n  o f  Richmond Parkway t h r o u g h  S t a t e n  I s l a n d ,  New York.* 

I n t e r s t a t e  Highways s h o u l d  max imize  p u b l i c  a n d  
p r i v a t e  b e n e f i t s :  

1. by i n c r e a s i n g  t h e  f a c i l i t y ,  c o n v e n i e n c e ,  
p l e a s u r e  a n d  s a f e t y  of  t r a f f i c  movement.  

2 .  by s a f e g u a r d i n g  a n d  e n h a n c i n g  l a n d ,  w a t e r ,  
a i r  a n d  b i o t i c  r e s o u r c e s .  

3. by  c o n t r i b u t i n g  t o  p u b l i c  a n d  p r ~ v a t e  o b j e c -  
t i v e s  o f  u r b a n  r e n e w a l ,  m e t r o p o l i t a n  a n d  r e g i o n a l  
d e v e l o p m e n t ,  i n d u s t r y ,  commerce,  r e s i d e n c e ,  r e c r e a -  
t i o n ,  p u b l i c  h e a l t h ,  c o n s e r v a t i o n  a n d  b e a u t i f i c a t i o n .  

4 .  b y  g e n e r a t i n g  new p r o d u c t i v e  l a n d  u s e s  a n d  b y  
s u s t a i n i n g  or e n h a n c i n g  e x i s t i n g  o n e s ,  

S u c h  c r i t e r i a  i n c l u d e  t h e  o r t h o d o x i e s  of r o u t e  
s e l e c t i o n ,  b u t  p l a c e  them i n  a l a r g e r  c o n t e x t  of 
s o - r a l  r e s p o n s i b i l i t y .  The h ighway  is n o  l o n g e r  
c o n s i d e r e d  o n l y  i n  t e r n s  o f  a u t o m o t i v e  movement 
w i t h i n  i t s  r i g h t - o f - w a y ,  b u t  i n  c o n t e x t  o f  t h e  
p h y s i c a l ,  S i o l o g i c a l  and  s o c i a l  p r o c e s s e s  w i t h i n  
i t s  a r e a  o f  i n f l u e n c e .  

The h ighway  i s  t h u s  c o n s i d e r e d  as a m a j o r  p u b l i c  
i n v e s t m e n t ,  wh ich  w i l l  a f f e c t  t h e  economy,  t h e  
way o f  l i f e ,  h e a l t h  and v i s u a l  e x p e r i e n c e  o f  
t h e  e n t i r e  p o p u l a t i o n  w i t h i n  i t s  s p h e r e  o f  i n f l u -  
e n c e .  I t  i s  i n  r e l a t i o n  t o  t h i s  e x p a n d e d  r o l e  
t h 7 t  i t  s h o u l d  b e  l o c a t e d  a n d  d e s i g n e d  .... 

-------- -- 

* I b i d . ,  p g s .  3 2  a n d  35. 
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f t  i s  i m p o r t a n t  t o  o b s e r v t  t h a t  t h e  r e a d e r  p a r a l -  
l e l s  t h e  e x p e r i e n c e  of t h e  a u t h o r  a t  t h e  b e g i n n i n g  
o f  t h e  s t u d y .  The method w a s  known b u t  t h e  e v i d e n c e  
was n o t .  It was n e c e s s a r y  t o  a w a i t  i t s  c o m p i l a t i o n ,  
make t h e  t r a n s p a r e n t  maps, s u p e r i m p o s e  them o v e r  a  
l i g h t  t a b l e  and  s c r u t i n i z e  them f o r  t h e i r  c o n c l u s i o n .  
One a f t e r  a n o t h e r  t h e y  w e r e  l a i d  down, l a y e r  a f t e r  
l a y e r  o f  s o c i a l  v a l u e s ,  a n  e l a b o r a t e  r e p r e s e n t a t i o n  
of t h e  I s l a n d ,  l i k e  a complex X-ray p h o t o g r a p h  w i t h  
dark a n d  l i g h t  t o n e s .  Y e t  i n  the i n c r e a s i n g  o p a c i t y  
t h e r e  were a l w a y s  l i g h t e r  a r e a s  and  w e  c a n  see t h e i r  
c o n c l u s i o n .  

The i m p l i c a t i o n s  o f  t h e  method f o r  t h e  demand a n d  u t i l i -  
z a t i o n  o f  ERS-type d a t a  are s i g n i f i c a n t :  s e v e r a l  o f  t h e  t h e -  
m a t i c  maps c a n  b e  o b t a i n e d  f rom ERS d a t a ,  p r o b a b l y  a u t o m a t i c a l l y .  
I n  a d d i t i o n ,  s u p e r p o s i t i o n  o f  t h e s e  (and  o t h e r s  p r e p a r e d  by 
o t h e r  methods)  1s e a s i l y  done  a u t o m a t i c a l l y  by t h e  n e t h o u s  and  
d e v i c e s  d e v e l o p e d  f o r  p r o c e s s i n g  E R S  d a t a ,  w i t h  t h e  added pos-  
s i b i l i t y  o f  e a s i l y  v a r y i n g  a n d  a d j u s t i n g  t h e  r e l a t i v e  w e i g h t s  
o f  t h e  i n d i v i d u a l  f a c t o r s  a n d  p e r f o r m i n g  s e n s i t i v i t y  a n a l y s i s ,  

The b e n e f i t s  o f  t h i s  k i n d  o f  i n t e g r a t e d  a p p r o a c h  t o  t h e  
highway l a y o u t - a l l o c a t i o n - d e s i g n  p rob lem are q u i t e  a p p a r e n t .  
A t  t h e  s a n e  t i m e  t h e y  a r e  v e r y  d i f f u s e  a n d  d i f f i c u l t  t o  q u a n t i -  
f y  and  s p r e a d  o u t  o v e r  a v e r y  l o n g  t i n e  p e r i o d .  I d e a l l y  t h e  
b e n e f i t s  o f  good v e r s u s  not-so-good p l a n n i n g  and  l a y o u t  c a n  
o n l y  b e  gauged by compar ing t h e  e f f e c t s  o f  a g i v e n  a c t u a l  a l l o -  
c a t i o n  w i t h  t h e  p o t e n t i a l  " w h a t - i f "  c o n s e q u e n c e s  o f  a n  a l t e r -  
n a t e  p l a n ,  b o t h  o v e r  a  c o r r e s p o n d i n g l y  l o n g  i n t e r v a l .  But  t h e s e  
b e n e f i t s  a r e  v e r y  d i f f u s e .  T h a t  is ,  t h e y  a c c r u e  i n  w i d e l y  v a r y -  
i n g  amounts  t o  a  l a r g e  v a r i e t y  o f  u s e r s  a n d  i n t e r e s t e d  p a r t i e s  
(h ighway u s e r s ,  b o t h  p r i v a t e  7 3 b u s i n e s s ,  t h e i r  s u p p l i e r s  a n d  
c u s t o m e r s ,  i n d u s t r i e s  i n  t h e  area, l a n d  owners ,  t a x p a y e r s ,  e t c . ) ;  
p l u s  t h e  minimized l o s s e s  o r  d i s b e n e f i t s  t o  t h o s e  p e o p l e  ad-  
v e r s e l y  a f f e c t e d  by  t h e  l a y o u t  ( a n d  t h e r e  w i l l  a l w a y s  b e  some 
o f  t h e s e ,  r e g a r d l e s s  o f  t h e  f i n a l  r o u t i n g ) .  

B u t ,  e v e n  a f t e r  h a v i n g  r e s o l v e d  - i n  some f a s h i o n  - t h e  
q u e s t i o n  o f  what  t h e  a c t u a l  b e n e f i t s  o f  b e t t e r  h ighway a l i g n -  
ment,  a n o t h e r  p rob lem a r i s e s :  t h a t  o f  d e t e r m i n i n g  what  p a r t  oC 
t h e  b e n e f i t s  d u e  t o  b e t t e r  p l a n n i n g  a c c r u e  t o  ERS t e c h n o l o g y ,  
t h e  r e a l  s u b j e c t  of t h i s  s t u d y .  
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if- .> Federa l  ~overruuent  A c t i v i t i e s  and R e s p o n s i b i l i t i e s  
5- 

Although t h e  Federa l  Government, through the I n t e r s t a t e  - 
Highway System, has  a very l a r g e  s t a k e  i n  highvay l a y o u t ,  t h e  
p lanning and aa ignnen t  of  roads  under t h i s  program is l e f t  en- 
t i r e l y  to  t h e  S t a t e s  themselves.  The S t a t e s  must p l a n  and 
b u i l d  t o  c e r t a i n  s t a n d a r d s ,  which t h e  Federa l  Government then  
must v e r i f y ,  U o  Federa l  s t a t u t o r y  remote seqsirig a c t i v i t  
appeazs to e x i s t  a t  p r e s e n t .  However, it 1. v e t y  l i k e l y  %hat.  as 
-*RS imagery becomes more widely d i s t r i b u t e d ,  it  w i l l  be used 
f o r  v e r i f i c a t i ~ n  and inven to ry ing  purposes.  T h i s  would a180 
apply  to  high- tens ion  p o w e r  liae and p i p e l i n e  rights-of-way, 
s u b j e c t  t o  FPC superv i s ion ,  and r a i l  t r a n s p o r t a t i - .  

Won-Federal A c t i v i t i e s  
: 

The t a s k  o f  l a y i n g  o u t  and b u i l d i n g  highways and 
roads  f a l l s  to S t a t e  and local a u t h ~ r i t i e s .  Current s t a n d a r d  
BETS images don ' t  have s u f f i c i e n t  c o n t r a s t  or d e t a i l  t o  show 
roads  c l e a r l y  wi thou t  enhancement, b u t  t h e r e  e x i s t  procesar.,ng 
techniques  which w i l l  show roads  us ing  e x i s t i n g  remotely 
sensed d a t a .  Thus, S t a t e  and l o c a l  a c t i v i t i e s  w i l l  p robably  
b u i l d  up very  q u i c k l y  i n  the near  f u t u r e -  

i Function: o f  Remote Sens inp 

S a t e l l i t e  s e n s i n g  p rov ides  an  oppor tun i ty  f o r  o b t a i n i n g -  
informat ion  qu ick ly  and a t  low c o s t ,  Image d a t a  a r e  e a s i l y  
p u t  i n  t h e  form d e s c r i b e d  by McHarg and should  prove h i g h l y  
u s e f u l  when used i n  t h i s  manner. 

Es t imate  o f  ERTS Economic C a p a b i l i t i e s  

For t h i s  f u n c t i o n ,  ERTS cannot  p rov ide  improvement i n  
c a p a b i l i t y  over  h igh  a l t i t u d e  a i r c r a f t .  Thus, any b e n e f i t s  

I.:! 
a c c r u i n g  t o  BRTS c o r e  i n  t h e  form o f  c o s t  sav ings .  Es t imated  
b e n e f i t s  f o r  t h i s  f u n c t i o n  a r e  inc luded  i n  t h e  cost e f f e c t i v e -  
n e s s  f i g u r e s  o f  P a r t  11. 
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SELECTION OF AREAS FOR LAND RECLAMATION 

R a t i o n a l e  f o r  B e n e f i t s  

Land r e c l a m a t i o n  i n c r e a s e s  t h e  s u p p l y  o f  t h e  p r o d u c t i v e  
l a n d  f o r  r e s i d e n t i a l ,  r e c r e a t i o n a l ,  and i n d u s t r i a l  u s e .  Given 
t h e  areas o f  r e f u s e  l a n d ,  t h e  c r i t e r i o n  f o r  s e l e c t i o n  is t h e  
m a r k e t  o a l u e  o f  a t rac t  of r e c l a i m e d  l a n d ,  i . e . ,  t h e  h i g h e r  the 
p r o s p e c t i v e  market v a l u e ,  t h e  s o o n e r  the r e c l a m a t i o n .  By u s i n g  
t h i s  c r i t e r i o n ,  s o c i e t y  o b t a i n s  t h e  most  e f f i c i e n t  s e l e c t i o n  
o f  l a n d  f o r  r e c l a m a t i o n .  

F u n c t i o n  o f  Remote S e n s i n g  

Remote s e n s i n g  o f f e r s  d e t e c t i o n  and  a s s e s s m e n t  o f  
p o t e n t i a l  r e c l a m a t i o n  a r e a s .  D i s t r i b u t e d  a r e a s  c a n  be s o n i -  
t o r e d  to  d e t e r m i n e  i f  t h e y  are s u f f e r i n g  o r  causing increasing 
damage. Most v a l u a b l e  a r e a s  can be d e t e r m i n e d  i n  c o n t e x t  
with p o p u l a t i o n  c e n t e r s  o r  n a t u r a l  r e s o u r c e s .  M o n i t o r i n g  
o f  r e c l a m a t i o n  progress c a n  f r e q u e n t l y  be d o n e  u s i n g  
s a t e l l i t s  imagery .  

Estimate of ERTS Economic C z p c b i l i t i e s  

No e s t i m a t e  of b e n e f i t s  has been made. 
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SITE LOCATION OF AIRPORTS AND OTHER MAJOR TRANSPORTATION MODES 

Rationale for Benefits 

The benefit of optimal location of major transportation 
modes is to reduce the cost of transportation between population 
centers, and to minimize the cost of environmental damage such 
as airport noise and harbor pollution. 

The efficient mass transportation system for urban 
centers, such as subway and bus lines, will yield an additional 
benefit in the form of a shortened travel time, 

Federal Government Activities and Responsibilities 

The primary agency active in this area is the Department 
of Transportation. 

Function of Remote Sensing 

Using the technique of McWarg (RHF 4 .4 ,3 ) ,  satellites 
can provide most of the primary data for this function at low 
cost. 

Estimate of ERTS Economic Capabilities 

No estimate of benefits has been made. 



RMF NO. 4.5.1 

PROTECTION OF AGRICULTURAL AND FOREST LANDS 

Rationale for BeneZits 

Conservation of agricultural and forest lands is 
crucial to both the productive and recreational interests of 
the nation. Due to population growth, housing sprawl, and 
industrial development, the abundance of open arable land and 
commercial forests has dwindled. Although that which has been 
lost in farm acraage generally has been made up with produc- 
tivity gains, increased domestic and foreign demand has re- 
cently forced rultivation of previously untilled lands. In 
addition to the loss of commercial forest areas, non-commercial 
timber land areas valued as sanctuaries of wildlife and for 
recreational purposes are also being lost. Protection of 
these areas by law and enforcement will result in substantial 
productive and recreational benefits. 

Federal Government Activities and Responsibilities - 
By direction of the Clarke-McNary Act of 1935 (16 USC 

567A), the Secretary of Agriculture is authorized to acquire 
forest lands to be managed by the states as state forests. 
Acquisition of new forest lands includes land use determination. 
The Agricultural Research Act of 1935 authorizes the Secretary 
of Agriculture to conduct research relating to the conservation, 
development, and use of land, forest, and water resources for 
agricultural purposes. 

Function of Remote Sensing 

An ERS system can assist protection of agricultural and 
forest lands by (1) monitoring land use changes in these rural 
areas and thereby contributing to zoning legislation, (2) en- 
force existing land use regulations. ERS czpability of frequent 
and accurate observation of remote rural areas can contribute 
significantly here. 

Current ERTS Activities 

ERTS-1 has shown high accuracy in inventorying Level-I 
categories. 

Estimate of ERTS Ecol~omic  Canabilities 

No e s t i m a t e  of b e n e f i t s  h a s  b e e n  m a d e .  



RMF No. 4 .5 .2  

PROTECTION OF WILDERNESS AREAS 

R a t i o n a l e  f o r  B e n e f i t s  

W i l d e r n e s s  a r e a s  p r o v i d e  a e s t h e t i c  and  r e c r e a t i o n a l  
v a l u e s  t h a t  c a n  b e  r e c o v e r e d  o n l y  o v e r  a v e r y  l o n g  t i m e  o n c e  
t h e y  a r e  l o s t  t o  t h e  a b u s e s  o f  mankind o r  t o  t h e  p r e v e n t a b l e  
t i n  some i n s t a n c e s )  r a v a g e s  o f  n a t u r e .  L o s s  o f  w i l d e r n e s s  a l s o  
u p s e t s  t h e  e c o s y s t e m  t h r o u g h  t h e  d e s t r u c t i o n  o x  r e a r r a n g e m e n t  
o f  f l o r a  and  f a u n a ;  many s p e c i e s  may become e x t i n c t  and man 's  
f o o d  s u p p l y  may b e  impac ted .  The b e n e f i t s  o f  w i l d e r n e s s  
p r o t e c t i o n  a c c r u e  t o  t h e  p r e s e n t  and f ~ t u r e  g e n e r a t i o n s  of 
mankind i n  g e n e r a l .  

F e d e r a l  Government A c t i v i t i e s  and R e s p o n s i b i l i t i e s  

Under t h e  N a t i o n a l  W i l d e r n e s s  P r e s e r v a t i o n  Sys tem o f  
1964 ,  (P.L. 8 8 - 5 7 7 ) ,  t h e  S e c r e t a r y  o f  A g r i c u l t u r e  is r e q u i r e d  
t o  f i l e  a  map and  l e g a l  d e s c r i p t i o n  o f  a l l  w i l d e r n e s s  a r e a s .  
The S e c r e t a r y  mus t  a l s o  r e v i e w  and r e p o r t  o n  e a c h  a r e a  a s  t o  
i t s  s u i t a b i l i t y  o r  n o n - s u i t a b i l i t y  f o r  p r e s e r v a t i o n  a s  a  w i l d e r -  
n e s s  c r e a .  By d i r e c t i o n  o f  t h e  Outdoor  R e c r e a t i o n  A c t  o f  1963  
( P . L .  88-29) ,  t h e  S e c r e t a r y  o f  t h e  I n t e r i o r  is  a u t h o r i z e d  t o  
p r e p a r e  and  m a i n t a i n  a  c o u n t i n u i n g  i n v e n t o r y  and e v a l u a t i o n  o f  
o u t d o o r  r e c r e a t i o n  n e e d s  and r e s o u r c e s  o f  t h e  U n i t e d  S t a t e s .  
The F i s h  and  W i l d l i f e  A c t  o f  1956  ( 1 6  VSC 7 4 2 )  r e q u i r e s  t h e  
S e c r e t a r y  o f  t h e  I n t e r i o r  t o ,  among o t h e r  t h i n g s ,  t a k e  s u c h  
s t e p s  a s  may b e  r e q u i r e d  f o r  t h e  d e v e l o p m e n t ,  management, 
advancement ,  c o n s e r v - t i o n ,  and p r o t e c t i o n  o f  w i l d l i f e  r e s o u r c e s .  

F u n c t i o n  o f  Remote S e n s i n a  

S e e  RMF No. 4 .5 .1  

E s t i m a t e  o f  ERTS Economic C a p a b i l i t i e s  

No e s t i m a t e  o f  b e n e f i t s  h a s  b e e n  made. 



RMF No. 4 . 6 . 1  
L'.r 

MAP SINK, LANDSLIDE AND OTHER HAZARDOUS AREAS AND ASSESS DAMAGES 

R a t i o n a l e  f o r  B e n e f i t s  

The  mapp ing  o f  f r e q u e n c y  a n d  s e v e r i t y  o f  s i n k  h o l e s  a n d  
l a n d s l i d e s  al lows proper a s s e s s m e n t  o f  l a n d  s u i t a b i l i t y  a n d  land q.- : 

v a l u e s  w i t h i n  a n  a r e a .  I n  r e m o t e  a r e a s ,  s t e p s  c a n  b e  t a k e n  t o  
p r e v e n t  e r o s i o n .  Mapping o f  f l o o d  p l a i n s  w i l l  h e l p  i n s u r e  p r o p e r  
p r o t e c t i v e  p r o c e d u r e s .  

F e d e r a l  Government  A c t i v i t i e s  a n d  R e s p o n s i b i l i t i e s  

I n  t h e  F l o o d  C o n t r o l  A c t  of 1960, a s  Amended ( 3 3  USC 709a) 
t h e  Army Corps of E n g i n e e r s  i s  a u t h o r i z e d  t o  c o m p i l e  a n d  d i s -  
s e m i n a t e  i n f o r m a t i o n  o n  i d e n t i f i c a t i o n  o f  a r e a s  s u b j e c t  t o  
f l o o d i n g  a n d  g e n e r a l  c r i t e r i a  f o r  g u i d a n c e  i n  t h e  u s e  of f l o o d  
p l a i n  a r e a .  

cl; 

The W a t e r s h e d  P r o t e c t i o n  a n d  F l o o d  P r o t e c t i o n  A c t ,  ( 1 6  
USC 1001-1009)  a u t h o r i z e s  t h e  F e d e r a l  g o v e r n m e n t  t o  c o n d u c t  
i n v e s t i g a t i o n s  a n d  s u r v e y s  a s  may be n e c e s s a r y  t o  p r e p a r e  p l a n s  
f o r  f l o o d  p r e v e n t i o n  o r  t h e  c o n s e r v a t i o n ,  d e v e l o p m e n t ,  u t i l i z a t i o n  
a n d  d i s p o s a l  o f  w a t e r .  

Ci 

F u n c t i o n  o f  Remote S e n s i n g  

S a t e l l i t e  s e n s i n g  o f f e r s  t h e  a b i l i t y  t o  r a p i d l y  map 
f l o o d  a r e a s  t o  d e t e r m i n e  t h e  e x t e n t  of t h e  f l o o d  p l a i n s .  Such  
mapp ing  c a n  be d o n e  a t  l o w  c o s t .  

C u r r e n t  ERTS A c t i v i t i e s  
i .$ 

F l o o d  p l a i n  f e a t u r e s  s u c h  a s  n a t u r a l  a n d  a r t i f i c i a l  l e v e e  I 2, 

s y s t e m s ,  u p l a n d  b o u n d a r i e s ,  v e g e t a t i o n  a n d  s o i l  d i f f e r e n c e s ,  
f l o o d  a l l e v i a t i o n  m e a s u r e s ,  a n d  l a n d  u s e  a n d  a g r i c u l t u r a l  p a t t e r n s  

.Y 
a r e  e a s i l y  i d e n t i f i e d  t h r o u g h  t o n a l  d i f f e r e n c e s  o n  ERTS-1 i m a g e r y . *  

E s t i m a t e  o f  ERTS Economic  C a p a b i l i t i e s  

N o  e s t i m a t e  o f  b e n e f i t s  has b e e n  made. 

-- * Rango,  " E R T S - 1  Flood Hazard S t u d i e s  i n  t h e  M i s s i s s i p p i  R i v e r  1 I 
I B a s i n , "  T h i r d  ERTS Symposium, Decenber 1 9 7 3 .  -- 



RMF N o .  4 . 6 . 2  

ASSESS IMPACT OF EARTHQUAKES AND VOLCANIC ERUPTIONS 

Rationale for Benef i t  

Assessnent of damage t o  urban a r e a s  due t o  earthquake 
and volcanic  erupt ion i s  necessary t o  determine t he  r e l i e f  needed. 
A n  accura te  history of such even ts  a l lows preven ta t ive  measures 
to be taken and could perhaps f a c i l i t a t e  p r ed i c t i on  and pre- 
para t ion .  

Function of  Remote Sensing 

S a t e l l i t e s  o f f e r  a c a p a b i l i t y  f o r  providing damage 
assessment i n  near r e a l  time. H i s t o r i c a l  dqtq c4n be obtained a t  
low incremental cos t .  

Est imate of ERTS Economic C a p a b i l i t i e z  

No es t imate  of b e n e f i t s  has been made. 



RMP No. 4.9.1 

MANAGE FEDERAL REVENUE SHARING PROGRAMS 

R a t i o n a l e  f o r  B e n e f i t s  

F e d e r a l  revenue  s h a r i n g  programs must b e  managed i n  
oxderz t o  (1) a l l o w  a  r e a s o n a b l e  r e t u r n  e i t h e r  human o .  economic, 
on f e d e r a l  t c x  d o l l a r s ,  ( 2 )  a v o i d  t h e  p o s s i b l e  d i s r u p t i v e  
r e g i o n a l  e f f e c t s  of a n  o u t d a t e d  revenue  s h a r i n g  program. The 
e f f e c t i v e  management o f  t h e s e  programs would i n c l u d e  f r e q u e n t  
a s se s smen t  o f  t h e  demographic and l a n d  u s e  changes  w i t h i n  t h e  
impac ted  r e g i o n .  Accu ra t e  e v a l u a t i o n  o f  a program's  u t i l i t y  
c o u l d  l e a d  t o  a more o p t i m a l  o r d e r i n g  of p r i o r i t i e s ,  i n c l u d i n g  
c u t s  i n  f u n d i n g  f o r  a r e a s  o f  c o m p a r a t i v e l y  l e s s e r  need.  A s  
r evenue  s h a r i n g  f u n d s  a r e  r e a l l o c a t e d  to t h e i r  h . i ghes t  v a l u e d  
u s e s ,  t h e  e n t i r e  n a t i o n  w i l l  r e a l i z e  a  b e t t e r  r e t u r n  on f e d e r a l  
t a x  d o l l a r s .  E z f e c t i v e  management of f e d e r a l  r evenue  s h a r i n g  
programs can  a l s o  a v o i d  ove r spend ing  of  f e d e r a l  f u n d s  i n  a r e a s  
where t h e  problem i n  need o f  revenue  s h a r i n g  was n o t  c o r r e c t l y  I 

d e f i n e d .  T h i s  avo idance  can  p r e v e n t  p o s s i b l e  d i s r u p t i v e  r e g i o n a l  
e f f e c t s .  

F e d e r a l  Government A c t i v i t i e s  and R e s p o n s i b i l i t i e s  

A s  e s t a b l i s h e d  by P u b l i c  Law 92-512 (86 S ta t .  919) a  
t r u s t  fund was e s t a b l i s h e d  w i t h  the T r e a s u r y  Department t o  
p r o v i d e  " g e n e r a l  revenue  s h a r i n g  payments t o  l o c a l i t i e s  f o r  
d e f i n e d  h i g h - p r i o r i t y  e x p e n d i t u r e s  and payments t o  t h e  s t a t e s  
t o  supplement  t h e i r  revenue  sou rces . "*  For  f i s c a l  y e a  1975,  
t h e  e s t i m a t e d  budge t  f o r  t h i s  fund i s  6.2 b i l l i o n  d o l l a r s .  

Func t ion  of Reaote Sensing 

An ERS sys tem can  a s s i s t  i n  t h e  mansgement o f  F e d e r a l  
r evenue  s h a r i n g  programs by p r o v i d i n g  a c c u r a t e  and f r e q u e n t  
u p d a t i n g  of  demographic and l a n d  use  change s t a t i s t i c e .  These 
o b j e c t i v e  i n p u t s  can improve p r o j e c t  a v b l u a t i o n s ,  and d e t e c t  
harmful  t r e n d s .  For a  d i s c u s s i o n  of ERS a b i l i t i e s  i n  
s t a t i s t i c a l  o b s e r v a t i o n  s e e  RMF No. 4 . 2 . 1 - 4 . 2 . 4 .  

E s t i m a t e  of ERTS Economic C a p a b i l i t i e s  

N o  e s t i m a t e  o f  b e n e f i t s  has been made. 

* Budget o f  t h e  U . S .  Government FY-75 (USGPOt 1974) $ 0  7 5 2 -  



RMF X a .  4 . 9 . 2  

REGULATE LAND USE IN AREAS QF CRITICAL ENVfRONMENTAL CONCERN 

Rationale fox Benefits 

Effective land use regulation of wetland areas, megalo- 
polis, and other critical environmental areas of the nation is 
particularly important to the economic future of the United 
States. The tnree major population centers of the country, 
San Francisco-San Diego, Chicago-Pittsburgh and Boston-Washing- 
ton, are currently experiencing environmental crisis, Water, 
air, and land pollution can at least be alleviated by regulated 
changes in ltnd use. For example, solid waste disposal could 
be zoned away to less critical areas; air polluting industry 
could be required to locate downwind from population centers. 
Regulation of land use through legislati'on 5n the megal,opol.$s will 
result in both health and productivity beneftts for the region., 
Wildlife preservation is one goal behinA land use segulatfon of 
wetland areas. Regulation of land use in these area will 
hopefully protect many already endangered species. 

Function of Remote Sensing 

Regulation of land use could be assisted by an ERS 
system in the detection of both illegal land usage and in areas 
in need of land use regulation. For a discussion of the function 
of ERS in the detection of land use change, see RMF 4.2.3. 

Estimate of ERTS Economic Capabilities 

No estimate of benefits h a s  beall made, 



RMF No. 4.9.3. 

REGULATE LAND DEVELOPMENT PROJZCTS 

Rationale for Benefits 

Zoning laws cften set limits on housing density, in- 
dustrial plant size and require certain avaao be left undeveloped. 
The regulation of these areas allows comnunity facility and 
service planning, projection of tax revenue and an overall con- 
dition of planned growth. Regulation of land development pri- 
marily benefits the community involved and secondarily the 
region's planning of transportation networks, energy needs, 
natural resource needs and the like. 

Function of Remote Sensing 

An ERS system could assist regulation of land develop- 
ment by giving governmental enforcement agencies frequent 
observations of the areas in question. 

Estimate of ERTS Economic Capabilities 

No estimate of benefits has been mqde, 



RMF No. 4 . 9 . 4  

MANAGE AND PLAN FEDERAL, STATE AND 1-OCAL TAXATION 

Rationale for Benefits -- - 
In recent years, the proberty tax has assumed increased 

importance in public finar~ce. It has become particularly nur- 
donsome in the heavily popula'tad areas of the United States. 
Rapid population growth and migration to the cities have put 
severe pressure on the property tax- the major source of 
revenue for local government-to fin~nce new schools, primari.lv, 
but also other local functions, e.g., welfare, police and fire 
protection, sanitation, streets, sewers and courts. The 
nation's cities have been hit the hardest, at least partly 
because a large fraction of their services must be provided 
for nonresidents. A s  a result, those people t.t:ro are relatively 
well-off financially have abandoned the cities for the suburbs. 
Industrial firms have also fled the cities to avoid the exces- 
sive tax burien leaving behind those people who are least able 
to hear it. These shifts have been chaotic: mass transportation 
networks move into the cities- not to the new plantz. Plants 
are of horizontal construction, utilizing large tracts. Urban 
sprawl, leap-frogging and iand speculation have destroyed open 
space. The attempt to keep taxes low in the suhuxbs has 
resulted in large tract zoning (1/2 acre to several acres). 

These movemc~its are interfering with the hydrologic 
cycle, poslng flood threat from run-off changes, impoverishing 
the cities and causi;~g unemployment due to labor immobility. 
Orderly development is being severely hampered. Highways and 
roads are replacing mass transit, adding to congestion and 
po1.lution problems. 

Proper management of Federal, State and local taxation, 
which can at least halt the trend and begin some re;t:isal, will 
benefit all citizens who reside in, work in or travel to 
heavily populated areas. 

Function of Remote Sensine 

The function of an E R S  system in the management of taxa- 
tion lies in the systen,'~ ability to aid Tn the preparation of 
timely lnnd use inventories. With current inventories, 
estimati~ns of tax revenues on aFedera1, State, or local 
level can be made easily. 



!<!,IF NO. 4 . 9 . 4  

I?stimat.e of ERTS Econcnic Capabilities - - -  -- 

S i g u i f i c a n t  beneEits cxist to lower l e v e l  g o v e r n n e n t a l  
agencies, but have not b e e n  quantified. 
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